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CHAPTER  I.  PROGRAM  SUMMARY 


A.  INTRODUCTION 


The  United  States  Coast  Guard,  in  undertaking  Its  responsibility 
to  prevent  and  control  maritime  pollution,  la  engaged  in  research  and  devel¬ 
opment  activities  relating  to  pollution-response  equipment.  These  activi¬ 
ties,  along  with  firsthand  experience  in  oil-spill  incidents,  indicated  that 
a  need  existed  for  determining  the  types  of  waterborne  debris  that  could  be 
expected  in  spills,  and  the  effects  that  debris  would  have  on  splll-recnver'’ 
equipment  and  operations.  This  report  describes  the  results  of  a  task  under¬ 
taken  by  the  Long  Beach  Research  Facility  of  Batfelle's  Columbus  Laboratories, 
under  contract  to  the  Coast  Guard  Office  of  Research  and  Development,  to 
provide  such  information.  The  specific  objectives  of  this  task  were  to 

(1)  Determine  the  types,  sizes,  and  quantities  of  debris 
that  could  be  expected  in  oil-spill  situations  on  the 
navigable  waters  of  the  United  States 

(2)  Establish  the  state  of  the  art  of  both  debris-hand¬ 
ling  and  -removal  techniques  and  debris-protection 
techniques  for  pollution-response  devices 

(3)  Recommend  specific  problems  and  potential  solutions 
in  the  debris-handling,  -removal,  and  -protection 
areas  that  require  further  research  and  development 
effort. 

The  geographical  scope  of  the  task  encompassed  the  saltwater  con¬ 
tiguous  zone  of  the  continental  United  States  and  Hawaii  from  tidal  estu¬ 
aries  to  50  miles  offshore.  The  near-coastal  areas  of  the  Mississippi  and 
Columbia  River  areas  were  also  considered.  Other  freshwater  rivers  and 
canals  entering  the  coastal  area  were  considered  only  as  sources  of  debris 
entering  the  zones  of  interest. 

The  program  was  performed  by  dividing  the  effort  into  four  major 

subtasks: 

(1)  Determine  the  type,  quantity,  and  factors  affecting 
the  quantity  of  debris  in  the  various  areas 


1 


(2)  Identify  equipment  presently  used  for  or  avellable 
for  debris  handling,  evaluate  that  equipment,  and 
recooaend  new  equipment  or  equipment  concepts 
where  necessary 

(3)  Determine  the  effects  of  debris  on  pollution-re¬ 
sponse  equipment 

(4)  Identify  current  design  features  and  techniques 
for  protection  of  pollution-response  equipment 
from  debris,  and  recommend  new  equipment  or  tech¬ 
niques  where  necessary. 

Accordingly,  this  report  Is  divided  into  chapters  which  describe  the  results 
of  the  subtasks  listed  above.  Chapters  II  and  III  describe  the  results  of 
the  first  and  second  subtasks,  respectively;  and  the  results  of  the  third 
and  fourth  subtasks  are  combined  in  Chapter  IV. 


B.  PROGRAM  APPROACH 


It  was  observed  during  the  initial  phases  of  the  program  that 
reference  material  concerning  the  subjects  of  the  study  was,  in  general, 
very  limited  and,  in  many  cases,  nonexistent.  The  data-collection  effort 
was,  therefore,  directed  toward  gathering  as  much  Information  as  possible 
from  as  many  sources  as  was  practical  within  the  scope  and  time  frame  of 
the  program.  Where  possible,  the  information  concerning  the  debris  situa¬ 
tion  in  a  given  area,  or  concerning  the  use  of  a  given  piece  of  equipment, 
was  sought  from  several  sources  with  similar  experience.  This  was  done  to 
increase  the  objectivity  of  c  'lerwise  somewhat  subjective  information. 

Information  was  obtained  mainly  by  telephone  and  in-person  inter¬ 
views.  Much  of  the  debris  information  resulted  from  interviews  with  indi¬ 
viduals  from  local  offices  of  the  Coast  Guard,  the  Army  Corps  oi  Engineers, 
spill-cleanup  contractors,  port  authorities,  and  the  Environmental  Protec¬ 
tion  Agency.  Some  information  was  also  obtained  from  Army  Corps  of  Engi¬ 
neers  publications  concerning  drift-removal  programs.  Sources  of  informa¬ 
tion  on  debris-handling  equipment  generally  included  manufacturers  of  pre¬ 
sent  and  potential  debris-cleanup  equipment,  the  Army  Corps  of  Engineers, 
and  spi 11-clennup  contractors.  Debris  effects  and  protection  information 
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sources  Included  spill-cleanup  contractors,  the  Coast  Guard,  and  the  manu¬ 
facturers  of  booas  and  sklmer  equipment.  For  a  complete  list  of  informa¬ 
tion  sources,  the  reader  Is  referred  to  Appendixes  A,  B,  and  C. 

Mote  that  the  information  presented  In  this  report  may  in  some 
caaes  not  completely  describe  the  situation  encountered  or  the  difficulties 
Involved  with  the  use  of  equipment.  To  completely  describe  all  the  situa¬ 
tions,  effects,  and  specific  equipment  for  all  situations  covered  in  this 
study  would  require  a  mammoth  effort,  orders  of  magnitude  greater  than  this 
study.  This  report  should  be  considered  a  survey  which  describes  general 
trends  and  identifies  some  of  the  more  critical  problems  in  the  areas  of 
Interest. 


C.  RESULTS 


1.  Debris  Type  and  Quantity 

In  general,  most  of  the  man-made  floating  debris  encountered 
throughout  the  United  States  is  wood,  while  most  of  the  natural  debris  in 
many  areas  is  marine  growth  and,  to  a  lesser  extent,  natural  wood. 

a.  Debris  Sources 


The  relative  quantity  of  debris  found  in  a  given  area  varies  great¬ 
ly  from  location  to  location,  depending  on  population  density,  level  and 
age  of  shorefront  development,  proximity  to  major  rivers  which  flood  and 
bring  down  large  quantities  of  debris,  severity  of  local  storms,  magnitude 
of  tides  (especially  flood  tides),  the  extent  of  logging  activities,  and 
the  quantity  of  abandoned  and  decaying  vessels  and  structures  within  an 
area.  For  a  given  area,  the  concentration  of  debri.*  in  a  location  is  af foot¬ 
ed  by  winds,  waves,  currents,  and  geographical  considerations.  All  of  i  he 
factors  listed  above  are  discussed  in  detail  in  chapter  II. 
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b.  Regional  Debris  Situations 


The  floating  debris  found  in  New  England,  Northeast,  and  Mid-Atlan¬ 
tic  ports  is  mainly  driftwood  that  originates  from  decaying  shorefront 
structures  and  vessels.  Quantities  found  range  from  moderate  in  ports  such 
as  Providence  and  Boston,  to  heavy  in  the  ports  of  New  York  and  Baltimore. 
Debris  in  these  areas  could  be  a  problem  in  oil-spill  recoveries.  The 
debris  found  in  the  coastal  and  offshore  aress  of  these  regions  is  moderate, 
consisting  mainly  of  natural  growth  such  as  eel  grass,  marsh  grass,  and  sea¬ 
weed.  During  severe  flooding,  such  as  that  which  occurs  during  and  after  a 
hurricane,  large  quantities  of  floating  wood  can  be  present  in  the  rivers 
and  estuaries  of  this  area.  This  wood  has  been  and  will  be  a  hindrance  to 
spill-cleanup  operations  in  these  locations. 

Debris  found  in  the  North  and  South  Carolina  and  Florida  Coastal 
areas  consists  mainly  of  natural  growth  such  as  lily  pads  and  hyacinth. 

The  quantity  of  this  material  on  the  water  can  be  locally  heavy  during  cer¬ 
tain  parts  of  the  year.  Some  floating  wood  is  also  present  in  the  rivers 
of  the  region  after  heavy  storm  activities. 

Very  small  quantities  of  debris  are  present  in  the  open-ocean  area 
of  the  Atlantic.  The  debris  that  is  found  is  scattered  over  a  large  area 
and  is  encountered  piece  by  piece. 

The  Gulf  Coast  region  is  generally  free  of  debris  except  for  the 
Mississippi  River  and  the  Port  of  Houston.  The  Mississippi  contains  float¬ 
ing  wood  in  heavy  quantities  during  flooding.  The  Port  of  Houston  area  has 
heavy  debris  present,  consisting  mainly  of  municipal  trash  from  the  metro¬ 
politan  Houston  area.  Oil  spills  in  both  areas  have  been  and  would  be 
greatly  involved  in  debris. 

\  The  Gulf  of  Mexico  has  a  debris  concentration  similar  to  the  Atlan- 

^  * 

'  tic  Ocean,  consisting  of  only  occasional  pieces  of  debris  scattered  over 

large  areas. 

The  floating  material  found  in  the  California  coastal  area  consists 
mainly  of  kelp  located  in  the  immediate  offshore  waters.  These  kelp  beds 
are  extensive  throughout  the  state,  being  heaviest  in  the  southern  and  cen¬ 
tral  areas.  The  Port  of  San  Diego  is  relatively  free  of  debris,  with  the 
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exception  of  some  random  wood  and  municipal  traah.  The  Los  Angeles/Long 
Beach  Harbor  areaa  normally  have  light  debrie  concentrations.  Inoediately 
after  a  storm  the  concentration  of  wood,  natural  growth,  and  municipal  trash 
can  become  locally  moderate  to  heavy.  San  Francisco  Bay  has  debris  concen¬ 
trations  that  vary  from  moderate  to  severe,  depending  on  tides  and  storm 
activity.  Most  of  the  debris  in  the  Bay  is  wood  from  derelict  structures 
and  vessels,  with  municipal  and  shipping  trash  also  being  common.  The 
quantity  of  debris  in  the  Bay  has  been  a  major  problem  in  many  of  the  local 
oil  spills  to  date. 

The  debris  concentrations  in  the  Northern  California,  Oregon,  and 
Washington  open-water  coastal  areas  are  light  to  moderate,  consisting  main¬ 
ly  of  logs,  logging  debris,  and  kelp.  In  the  estuaries  and  sheltered  bays 
of  this  region,  the  local  logging  debris  concentrations  can  become  heavy. 

The  Columbia  River  can  have  locally  heavy  wood  debris  problems,  especially 
after  flooding  of  its  watershed. 

The  Straits  of  Juan  de  Fuca  and  Puget  Sound  areas  have  moderate 
quantities  of  debris  consisting  of  logging  debris,  logs,  and  trees  washed 
down  from  the  watershed.  Fairly  large  concentrations  of  kelp  are  found  in 
these  areas.  The  Seattle/Tacoma  area  has  nominally  moderate  amounts  of 
wood,  which  can  become  locally  heavy  in  some  locations.  Oil  spills  anywhere 
in  the  Northwest  could  be  expected  to  encounter  some  wooden  debris. 

The  open  waters  of  the  Pacific  Ocean  have  light  concentrations  of 
debris,  apparently  similar  to  the  previously  described  Atlantic  Ocean  situa¬ 
tion. 

The  debris  concentrations  in  the  nearshore  areas  of  the  Hawaiian 
Islands  are  light  to  moderate,  consisting  of  small  natural  wood  and  munici¬ 
pal  trash  in  populated  areas. 

In  summary,  floating  debris  is  present  in  some  areas  of  the  United 
States  in  quantities  that  have  been  and  will  be  major  impediments  to  the 
recovery  of  spilled  fluids.  In  other  areas,  the  extent  of  debris  effects 
in  spill-recovery  operations  can  vary  from  being  moderate  to  not  being  a 
factor  at  all.  Where  debris  is  present  in  quantity,  the  spill-recovery 
efforts  will  be  more  costly  and  time-consuming  than  in  areas  with  little  or 
no  debris  concentration. 
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The  reader  Is  referred  to  Chapter  II  for  detailed  descriptions  of 
debris  sources,  effects  on  the  location  and  quantities  of  debris,  and 
detailed  descriptions  of  local  debria  situations,  including  the  available 
debris  quantity  information  for  various  local  areas. 

2,  Debris-Handling  Equipment 

One  of  the  primary  tasks  of  the  study  effort  was  to  conduct  a  re¬ 
view  of  current  practices  in  debris-handling  equipment  and  techniques. 
Practices  used  both  in  past  spills  and  in  regular  programs  of  waterborne 
debris  removal  were  investigated.  In  general,  two  types  of  agencies  run 
regular  waterborne  debris  cleanup  operations:  The  U.  S.  Army  Corps  of  Engi¬ 
neers;  and  various  local,  state,  and  port  organizations  and  authorities. 

The  Corps  operates  federally  funded  projects  to  remove  and  dispose 
of  hazardous  debris  from  navigable  waterways  in  Boston,  New  York,  Baltimore, 
Washington,  D.C.,  Norfolk-Hampton  Roads,  San  Francisco  Bay,  and  Puget  Sound. 
These  programs  annually  collect  hundreds  of  thousands  of  cubic  feet  of 
waterborne  debris,  mostly  wood,  through  the  use  of  specially  constructed 
debris-collection  vessels. 

The  main  local  debris-cleanup  programs  encountered  in  the  study 
are  operated  in  Long  Beach,  Los  Angeles,  Baltimore,  and  Philadelphia.  These 
programs  also  use  specially  constructed  debris-collection  vessels. 

The  vessels  used  for  debris  collection  by  both  the  Corps  and  the 
ports  are  generally  of  two  types — either  a  self-propelled  barge  or  boat  with 
a  front-end-loading  wire-mesh  basket  mounted  on  the  bow,  or  a  self-propelled 
catamaran- type  vessel  with  chain-link  nets  for  collecting  debris  slung  be¬ 
tween  the  hull  sponsons.  All  of  these  vessels  are  designed  to  operate  in 
protected  waters  only  and  are  not  suitable  for  open-ocean  operation  except 
in  very  calm  conditions. 

Information  collected  concerning  past  oil  spills  shows  that  re¬ 
quirements  for  debris-handling  equipment  vary  greatly  from  one  spill  situa¬ 
tion  to  another.  In  some  cases,  notably  in  open-ocean  spills,  there  is  very 
little  need  for  debris-handling  equipment  because  debris  is  present  in  small 
quantities  and  tends  to  be  sparsely  scattered.  In  other  spills,  particularly 
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those  which  occur  in  restricted  hsrbor  areas  or  during  unusual  storm  or 
flood  conditions,  the  quantity  of  debris  encountered  has  been  orders  of 
magnitude  greater  than  the  amount  of  oil  spilled.  These  cases  require  mas¬ 
sive  debris-handling  effort*:,  lasting  as  long  as  3  or  4  months,  involving 
hundreds  of  individual  pieces  of  debris-handling  equipment. 

Some  of  the  types  of  debris-handling  equipment  used  in  past  spills 

include 

(1)  Wire-mesh  baskets  on  articulated  hydraulic  cranes 

(2)  Clamshell  buckets 

(3)  Dragline  buc  ets 

(4)  Debris  conveyors 

(5)  Oleophilic-belt-type  skimmers 

(6)  Front-end  loaders 

(7)  Backhoes 

(8)  Rakes,  shovels,  pitchforks,  ice  tongs,  pike  poles, 
and  other  hand  tools. 

This  equipment  has  generally  been  mounted  on  barges  or  other  vessels  of 
opportunity  such  as  LCU's  or  LCM's.  In  addition,  vessels  used  in  regular 
debris-cleanup  operations  have  often  been  used  to  help  recover  debris  from 
oil  spills.  These  vessels  have  generally  been  very  effective  in  recovering 
debris  from  the  water  but  seem  to  lack  sufficient  on-board  storage  capacity. 
In  some  cases,  additional  temporary  on-scene  storage  has  been  provided  by 
flat  barges  or  scow  barges,  55-gallon  drums,  cardboard  boxes,  wooden  crates 
and  baskets,  plastic  trash  bags,  standard  steel  trash  containers,  and  the 
bottoms  and  decks  of  work  boats. 

A  list  of  performance  considerations  to  be  used  in  designing, 
selecting,  evaluating,  and  recommending  debris-handling  systems  for  future 
use  in  oil  spills  was  developed.  The  list  includes  rate  of  recovery,  sensi¬ 
tivity  of  equipment  to  various  types  of  debris,  temporary  storage  capacity, 
deployment  considerations,  logistic  requirements,  cost,  versatility,  and 
safety  considerations.  These  criteria  formed  a  basis  for  the  evaluation  of 
current  practices  and  for  estimating  the  effectiveness  of  equipment  from 
other  areas  which  has  not  been  used  in  spill  situations. 
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The  •valuation  of  current  practices  revealed  that  the  shortcomings 
of  debris  handling  In  spills  are  generally  due  to  nonavailability  of  suitable 
equipment  which  now  exists.  An  observation  Is,  therefore,  that  major  Im¬ 
provements  in  debris  handling  in  spills  can  be  gained  by  concentrating  on 
making  existing  equipment  more  readily  available  to  agencies  responsible 
for  spill  cleanup. 

In  investigating  the  possible  uses  of  equipment  from  other  indus¬ 
tries  for  debris  handling,  it  was  found  that  there  are  many  promising  equip¬ 
ment  and  technique  concepts  from  industries  such  as  logging,  sewage  treat¬ 
ment,  and  solid  waste  disposal  which  can  be  applied  to  future  debris-hand¬ 
ling  problems.  Further  research  is  needed  to  determine  the  effectiveness  of 
these  kinds  of  equipment  in  actual  spill  cleanups. 

A  significant  result  of  the  study  is  a  definition  of  the  complexity 
of  debris-handling  problems  in  oil  spills.  The  handling  problem  was  subdi¬ 
vided  into  the  following  eight  general  functions: 

(1)  Containment  and/or  diversion 

(2)  Recovery  of  floating  debris 

(3)  Removal  of  debris  from  beaches  or  shoreline 

(4)  Temporary  storage 

(5)  Processing 

(6)  Transfer 

(7)  Transport  to  disposal  site 

(8)  Disposal  technique. 

It  is  felt  that  these  eight  functions  accurately  describe  the  various  aspects 
of  the  debris-handling  problem.  The  equipment  requirements  are  listed  by 
specifying  the  equipment  and  techniques  most  suitable  for  each  function. 

The  needs  of  a  given  situation  can  then  be  assembled  from  the  various  re¬ 
quired  functions.  The  reader  is  referred  to  Chapter  III  for  further  infor¬ 
mation  about  debris  handling  and  for  detailed  recommendations  for  satisfy¬ 
ing  functional  requirements  in  various  situations. 
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3.  Effects  of  Debris  on  Pollution- Response  Equipment 


The  effects  of  debris  on  pollution-response  equipment  determined 
during  the  program  are  listed  below,  as  applied  to  three  general  types  of 
response  devices. 

a.  Debris  Effects  on  Containment  Devices 


Debris  has  caused  physical  damage  to  containment  devices  during 
past  spill-cleanup  operations.  The  most  severe  types  of  failures  were  ulti¬ 
mate  tensile  failures  of  the  devices  due  to  debris  forces,  or  the  holing  of 
inflatable  devices  causing  them  to  sink.  In  these  cases,  the  containment 
capability  was  completely  compromised.  Other  types  of  damage  which  debris 
has  caused  to  containment  devices  include  tearing  of  the  fabric,  puncturing, 
and  local  chafing  causing  a  hole  to  gradually  develop. 

Nondamaging  debris  effects  Include  forced  submergence  of  the  con¬ 
tainment  device  due  to  the  weight  of  debris,  lifting  due  to  debris  rolling 
Or  being  forced  underneath  the  skirt,  upsetting  of  trim  due  to  applied  de¬ 
bris  forces,  snagging,  and  hindrance  of  deployment. 

b.  Debris  Effects  on  Spill-Recovery  Equipment  (Skimming  Systems  and  Trans¬ 
fer  Systems) 

Destructive  effects  of  debris  on  recovery  equipment  in  past  spills 
Include  breaking  of  mechanical  components  of  the  equipment  caused  by  snag¬ 
ging  or  impacting  of  debris  with  exposed  machinery,  tearing  of  exposed  sorb¬ 
ent  belts  or  disks,  and  sinking  or  holing  of  the  devices  due  to  impact 
with  heavy  pieces  of  debris. 

•  Nondestructive  debris  effects  include  debris  buildup  at  skimmer 
intakes  causing  oil  to  be  diverted  around  the  intake;  forced  submergence  of 
smaller  recovery  devices;  upsetting  of  trim;  recovered-debris  weight  chang¬ 
ing  the  displacement  of  the  device |  accumulations  of  smaller  debris  clogging 
reservoirs;  smaller  pieces  of  debris  jamming  mechanisms  (without  damage); 
clogging  of  transfer  system  intakes;  seizing  of  rotating  pumps  caused  by 
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Ingestion  of  plastic  or  plastic  sheets;  and  the  stoppage  of  diaphragm-type 
pumps  by  long,  thin  places  of  debrla. 

c.  Debris  Effects  on  Auxiliary  Equipment 

Destructive  effects  of  debris  on  auxiliary  equipment  have  Included 
Impact  of  large  debris  causing  damage  to  hulls,  breakage  of  propellers,  and 
puncturing  or  tearing  of  fabric  storage  vessels.  Other  debris  effects — 
such  as  Impairment  of  navigation  and  maneuverability,  fouling  of  propellers 
and  water  intakes,  upsetting  of  vessel  stability  (thereby  impairing  person¬ 
nel  safety) ,  and  reducing  fluid  capacity  of  storage  vessels — have  also 
occurred  during  past  spill  cleanups. 

Detailed  discussions  of  the  effects  described  above  are  contained 
in  Chapter  III  of  this  report,  entitled  Effects  On  and  Protection  Of  Pollu¬ 
tion-Response  Equipment  From  Debris  in  Oil  Spills. 

4.  Anti-Debris  Design  Features  and  Techniques 

Some  of  the  design  features  and  :echnlques  used  to  protect  pollu¬ 
tion-response  equipment  from  debris  effects  are  described  below  by  type  of 
equipment . 

a.  Containment  Devices 


Many  containment  devices  have  features  which  make  them  relatively 
tolerant  to  debris-contact  effects.  Some  designs  use  tensile  members  or 
reinforced  fabric  for  tensile  strength.  These  designs  are  most  able  to 

i 

withstand  the  impact  of  large  debris.  The  reinforced  fabric  design  also 
provides  resistance  to  puncturing,  tearing,  and  chafing.  Other  designs  use 
coatings  over  the  fabric  to  provide  puncturing,  tearing,  and  chafing  resis¬ 
tance.  Some  designs  have  smooth  surfaces  on  the  spill  side  of  the  barrier 
which  reduce  snagging.  Some  have  added  righting  moment  and  reserve  buoyancy 
capability  to  better  resist  debris  upsetting  forces. 
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Technique*  used  to  reduce  or  eliminate  debris  effects  on  contain¬ 
ment  devices  Include  the  use  of  tvo  barriers,  thereby  preventing  debris  from 
coming  in  contact  with  and  damaging  the  primary  containment  barrier;  using 
barriers  for  diversion  of  debris  in  currents,  rather  than  for  containment, 
thereby  reducing  debris  impact  forces;  using  manual  or  mechanical  tending 
and  debris  handling  to  eliminate  or  minimize  debris  contact  with  the  barrier, 
and  using  permanent  debris  fences  to  keep  oil-spill-prone  areas  clear  of 
major  debris  concentrations. 

Temporary  and  permanent  repair  techniques  have  also  been  developed 
to  repair  containment  devices  damaged  by  debris.  The  quick  repair  of 
damage  reduces  damage  effects  on  the  overall  spill-recovery  operation  effi¬ 
ciency. 

b.  Recovery  Equipment  Skimming  Systems 

Skimming-system  design  features  intended  to  reduce  debris  effects 
include  use  of  trash  screens  to  keep  debris  out  of  the  skimmer  inlet; 
shielding  of  mechanical  parts  to  prevent  jamming  by  small  debris;  isolation 
of  machinery  from  contact  with  debris  and  resulting  damage;  and  the  use  of 
debris-handling  systems,  such  as  debris  belts,  to  remove  debris  from  the 
vicinity  of  the  oil-recovery  mechanism. 

c.  Recovery  Equipment  Transfer  Systems 

Design  features  used  on  some  recovery-device  transfer  systems  to 
minimize  debris  effects  include  use  of  large-diameter  hoses  and  fittings  to 
minimize  clogging  by  debris,  use  of  quick-disconnect  fittings  for  ease  of 
cleaning  or  replacement  of  components,  and  inclusion  of  the  capability  to 
backflush  the  system  to  be  capable  of  unclogging  the  system  without  disas¬ 
sembly. 
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d.  Auxiliary  Equipment 


Design  features  used  to  minimize  debris  effects  on  auxiliary  equip¬ 
ment  Include  use  of  heavy-duty  propellers  or  propeller  guards,  use  of  jet- 
drive  propulsion  units,  and  use  of  heavy-duty  hull  construction. 

Each  design  feature  or  technique  mentioned  above  is  used  with  or  on 
some  types  of  equipment  but  not  on  others,  depending  on  patent  situations, 
availability  and  cost  of  labor,  funds  available  for  Initial  expenditure  for 
equipment  procurement,  local  ocean  environment,  and  the  type  and  variations 
of  local  debris  situations.  In  general,  most  of  these  features  and  tech¬ 
niques  have  evolved  locally  or  regionally  over  a  period  of  years  depending  on 
the  specific  experience  of  local  equipment  manufacturers  and  cleanup  contrac¬ 
tors. 

Recommendations  of  design  features  or  techniques  for  protection  of 
pollution-response  equipment  from  debris  effects  consist  mainly  of  selec¬ 
tions  from  the  current  practices  given  above .-y  To  avoid  repetition,  these 
recommended  practices  and  design  features  are  not  repeated  here.  The  reader 
is  referred  to  Chapter  IV  for  further  detail. 


D.  CONCLUSIONS 


(1)  Most  of  the  man-made  debris  (by  weight)  that  is  found  in  the 
areas  of  interest  of  this  study  is  wood.  This  wood  may  be  natural  or  cut 
wood,  or  a  combination  of  the  two,  depending  on  location. 

(2)  Open-water,  man-made  debris  concentrations  are  very  sparse, 
with  the  exception  of  the  Northwest  United  States.  The  open-water  debris 

in  the  Northwest  is  mainly  logs  and  logging  debris  that  is  driven  out  to  sea. 

(3)  A  major  source  of  debris  in  the  New  York,  Boston,  Baltimore, 
Norfolk,  and  San  Francisco  port  areas  are  the  old,  poorly  constructed,  war¬ 
time  shorefront  structures,  which  have  decayed  into  the  water.  These  older 
ports  generally  have  the  worst  man-made  debris  quantity  problem. 

(A)  Rivers  carry  far  more  debris  during  floods  than  other  periods 
because  of  the  increased  water  levels  that  occur,  along  with  the  destructive 
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action  of  the  atone  that  cauae  the  flooding.  Theae  fectora  ceuae  ouch  more 
wood  to  be  floated  Into  and  transported  by  rlvera  during  flood  perlode. 

(5)  A  great  many  derelict  atructurea  and  veaaela  are  present  In 
several  port  areas.  These  abandoned  Items  are  generally  wood  and  are  a 
major  source  of  floating  debris. 

(6)  Debris  concentrations  within  a  region  depend  greatly  on  local 
currents,  winds,  and  geographical  factors.  The  areas  where  debris  concen- 
trates  and  the  quantity  In  these  areas  are  therefore  very  local  in  nature 
within  a  region. 

(7)  The  recent  awareness  of  the  public  with  respect  to  pollution 
of  waterways  has  resulted  in  legislation  which  is  reducing  the  debris  prob¬ 
lem  nationally.  Containerization  of  cargo  Is  also  reducing  the  Input  of 
debris  into  harbors  considerably  due  to  the  discontinuation  of  dockside  un¬ 
packing  of  cargo. 

(8)  Very  large  quantities  of  marine  growth  are  present  in  the 
areas  of  interest  of  this  study.  This  growth  could  cause  severe  problems 
when  cleaning  up  large  spills. 

(9)  Port  debris-cleanup  operations  currently  under  way  do  not  com¬ 
pletely  remove  the  debris  present  in  those  areas.  Enough  wood  remains  to 
hamper  spill-cleanup  operations. 

(10)  The  complete  containment  of  spills  with  barriers  in  areas 
where  debris  sources  are  present  Is  desirable  to  reduce  the  amount  of  debris 
entering  the  spill. 

(11)  Mechanized  equipment,  in  general,  has  been  observed  to  be  less 
expensive  than  manual  labor  for  handling  debris.  The  use  of  equipment  where 
ever  possible  to  replace  manual  labor  will  have  a  positive  effect  on  reduc¬ 
ing  spill-recovery  costs. 

(12)  If  the  spill  cannot  be  contained  in  a  current  by  artificial 
barriers,  diversion  of  the  spill  into  calm  water  reduces  the  difficulties 
of  handling  debris  in  strong  currents.  The  diversion  of  the  spill  into 
calm  water  is,  therefore,  desirable  where  possible  in  river  and  bay  spills 
where  strong  currents  are  present. 

(13)  Handling  equipment  not  currently  used  in  spills  may  be  useful 
in  improving  spill-cleanup  efficiency  by  replacing  some  tasks  presently  per¬ 
formed  by  manual  labor. 
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(14)  Major  improvements  in  dabria-handling  efficiency  in  spills 
can  ba  gained  by  making  existing  construction  and  agricultural  equipment 
more  readily  available  to  agencies  responsible  for  spill  cleanups. 

(15)  Many  situations  exist,  such  as  environmentally  fragile  sites 
or  sites  where  waterborne  equipment  cannot  maneuver,  where  the  use  of  me¬ 
chanical  equipment  for  recovery  is  difficult  or  impossible.  In  these  loca¬ 
tions  the  use  of  manual  labor  Is  the  only  acceptable  alternative  for  recov¬ 
ering  debris. 

(16)  Ultimate  disposal  of  oil-soaked  debris  has  been  a  severe  prob¬ 
lem  in  past  spills  where  burning  was  prohibited  by  air-pollution  regulations. 
In  these  situations,  the  location  of  acceptable  landfill  sites  and  transpor¬ 
tation  of  the  debris  to  these  sites  have  been  major  efforts. 

(17)  Most  debris-handling  shortcomings  in  past  spills  have  been 
due  to  the  nonavailability  of  equipment  rather  than  the  functional  defi¬ 
ciencies  of  present  equipment.  These  shortcomings  have  mainly  occurred  in 
spills  away  from  industrialized  areas,  where  heavy  equipment  was  not  avail¬ 
able. 

(18)  Present  barrier  designs  are  marginally  adequate  or  inadequate 
for  containment  of  debris  in  high  tidal  or  river  currents.  The  forces 
developed  will  fail  many  barriers  or  upset,  sink,  or  submerge  others,  destroy¬ 
ing  their  oil-containment  capability. 

(19)  In  many  past  circumstances,  containment  devices  have  been 
used  to  contain  large  amounts  of  debris  in  relatively  strong  currents. 

Very  little  knowledge  concerning  the  forces  developed  in'  the  containment 
devices  in  these  situations  exists. 

(20)  All  commercially  available  containment  devices  are  designed 
primarily  to  contain  oil.  No  currently  available  barriers  have  been  specifi¬ 
cally  designed  to  contain  debris. 

(21)  Current  available  recovery-equipment  designs  have  more  design 
features  for  minimizing  or  eliminating  debris  effects  than  do  containment 
devices. 

(22)  No  currently  available  recovery  devices  can  recover  oil  and 
debris  effectively  in  large  quantities  of  heavily  concentrated  debris.  The 
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devices'  skimming  performance  or  thalr  Inability  to  handle  the  large  quan¬ 
tity  of  dabrla  restricts  their  parforaanca  In  thaaa  situations. 

(23)  Mora  widespread  application  of  presently  known  design  features 
and  protection  techniques  could  greatly  Improve  spill-recovery  efficiency 
where  debris  Is  present. 


E.  RECOMMENDATIONS 


(1)  The  Coast  Guard  should  initiate  or  become  Involved  In  joint 
debris-oriented  programs  with  the  Environmental  Protection  Agency,  the  Corps 
of  Engineers,  and  the  Navy.  This  would  help  to  eliminate  overlapping 
efforts  by  these  organizations.  Since  there  is  much  common  Interest  and 
activity  In  debris-related  areas,  a  coordinated  debris  effort  would  be  in 
the  best  Interests  of  all  concerned. 

(2)  The  use  of  aerial  surveillance  should  be  considered  to  iden¬ 
tify  and  monitor  local  areas  where  specific  debris  concentrations  exist. 
Trends  could  be  established  and  the  effects  of  source  removal  programs  eval¬ 
uated.  Planning  for  pollution-response  equipment  regional  deployment  would 
also  be  facilitated  by  having  up-to-date  debris  quantity  information  for 
these  debris-prone  areas. 

(3)  Lists  of  locally  available  debris-handling  equipment  should  be 
included  in  regional  contingency  plans  to  allow  on-scene  commanders  to  become 
aware  of  the  local  resources  available  for  handling  debris. 

(4)  Requirements  for  and  local  sources  of  debris-handling  equip¬ 
ment  should  be  established  if  detailed  local  debris-quantity  information  be¬ 
comes  available  for  areas  prone  to  large  oil  spills.  This  Information  could 
be  included  as  part  of  a  larger  regional  response  plan  for  large  spills. 

(5)  Local  sites  for  ultimate  disposal  of  oil-soaked  debris  should 
be  pre-established  In  areas  where  debris  is  found  in  appreciable  quantities. 
This  would  eliminate  the  problem  in  locating  a  local  disposal  site  after  a 
spill  has  taken  place. 

(6)  The  further  exploration  of  the  feasibility  of  on-scene  proces¬ 
sing  of  debris  to  facilitate  storage,  transfer,  and  disposal  should  be 
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investigated.  If  thla  la  found  to  ba  faaslbla,  apill-racovary  affldancy 
could  ba  greatly  Improved. 

(7)  The  exploration  of  further  development  of  on-acent  dlapoaal 
devices,  such  as  controlled  burning  techniques,  should  also  be  investigated. 

If  feasible,  this  disposal  method  would  provide  an  even  greater  Increase  in 
spill-cleanup  efficiency  than  the  use  of  on-scene  debris  processing.  If 
the  air  pollution  problem  could  be  solved,  this  appears  to  be  the  most  eco¬ 
nomical  and  efficient  method  for  disposing  of  oil-soaked  debris. 

(8)  The  Coast  Guard  should  consider  joint  purchase  of  debris-hand¬ 
ling  equipment  with  other  organizations  interested  in  debris  recovery.  This 
would  minimize  initial  equipment  capital  expenditure  and  operating  costs. 

The  Corps  of  Engineers,  especially,  has  similar  requirements  in  the  debris- 
handling  area. 

(9)  The  typical  forces  developed  in  containment  systems  when  de¬ 
bris  and  currents  are  present  should  be  investigated  to  allow  comprehensive 
containment-system  design.  Containment  systems  could  then  be  rated  for  use 
in  particular  types  of  debris  situations. 

(10)  The  determination  of  typical  forces  developed  when  large  de¬ 
bris  Impacts  skimmers  should  be  determined  to  allow  skimmers  to  be  designed 
so  as  to  be  capable  of  withstanding  these  impacts.  Skimmers  could  also  be 
rated  for  use  in  various  debris  situations. 

(11)  Design  guidelines  to  improve  resistance  of  pollution-response 
equipment  to  debris  effects  should  be  developed  to  allow  a  useful  specifica¬ 
tion  for  equipment  to  be  used  with  debris  to  be  generated.  This  would  allow 
procurement  of  debris-compatible  equipment  in  areas  where  debris  is  a  problem. 

(12)  A  standard  debris-barrier  design  to  be  used  on-scene  for  de¬ 
bris  containment  should  be  developed  to  eliminate  some  of  the  containment 
failures  that  currently  take  place  in  spills  where  debris  is  present.  This 
barrier  design  could  be  either  purchased  beforehand  or  fabricated  on  site 
by  the  spill-cleanup  personnel. 

(13)  Mechanical  behavior  of  debris  contained  behind  a  barrier  in  a 
current  should  be  investigated.  This  would  allow  better  containment  barriers 
for  debris  to  be  developed.  Optimal  designs  for  containing  both  debris  and 
oil  could  also  be  developed  with  this  knowledge. 
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(14)  Factors  affecting  transfer-system  performance  in  spills  with 
debris  should  be  evaluated  In  depth.  These  factors  would  Include  viscosi¬ 
ties  of  fluids  to  be  pumped,  pumping-head  requirements,  velocities  developed 
in  the  system,  the  amount  of  oil/water  mixing  that  takes  place,  and  the 
tolerance  of  the  particular  system  to  debris.  Including  debris  effects  in 
the  evaluation  of  these  other  considerations  would  allow  the  selection  of 
optimum  systems  for  the  situation  rather  than  just  the  optimum  system  for 
debris  tolerance. 
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CHAPTER  II.  DEBRIS 


A.  INTRODUCTION 


One  of  the  major  subtasks  of  the  program  was  the  investigation 
of  types,  sizes,  and  quantities  of  debris  which  are  or  could  be  expected 
to  be  encountered  in  oil-spill  situations  on  the  navigable  waters  of  the 
United  States.  This  subtask  involved  the  determination  of  what  debris  has 
been  found  mixed  with  oil  spills  in  the  past  and  also,  to  the  extent  pos¬ 
sible  within  the  program  constraints,  the  determination  of  what  typical  debris 
situations  exist  at  various  times  in  the  geographical  areas  of  responsibil¬ 
ity  of  the  Coast  Guard.  The  effects  of  various  environmental,  physical, 
and  geographical  factors  on  debris  situations  were  also  investigated. 

This  debris  investigation  resulted  in  a  list  of  generic  types 
of  waterborne  debris,  a  set  of  general  categories  which  describe  the  vari¬ 
ous  types  of  debris  with  respect  to  their  engineering  properties,  an  appre¬ 
ciation  of  local  debris  situations  around  the  United  States,  and  an  under¬ 
standing  of  the  sources  of  waterborne  debris. 


B.  GENERAL  OBSERVATIONS 

During  the  course  of  this  study,  several  general  observations 
concerning  debris  became  apparent. 

1.  Oil  and  Debris  Tend  to  Gather  in  the  Same  Location 

An  observation  that  is  almost  universal  when  oil  or  other  spilled 
fluids  are  on  the  water  in  a  near-shore  or  harbor  area  is  that  ar.y  sub¬ 
stance  floating  on  the  water  before  the  spill  will,  if  left  alone,  become 
mixed  together  with  the  spilled  substance.  This  happens  because  the  same 
current  and  wind  forces  that  drive  the  spilled  fluids  in  one  direction  or 
to  one  location  will  also  tend  to  push  loose  debris  in  the  same  direction 
or  to  the  same  location.  If  the  prevailing  currents  and  winds  drive  the 


18 


spill  against  a  shoreline,  containment  boom,  seawall,  or  other  barrier,  the 
debris  that  is  already  collected  against  the  barrier  will  be  thoroughly 
mixed  with  the  spilled  fluid.  Also,  additional  debris  that  is  on  the  water 
will  be  driven  to  the  same  location  and  will  ultimately  wind  up  in  the 
spill-cleanup  operation. 

In  areas  where  strong  tidal  actions  take  place,  a  situation  simi¬ 
lar  to  that  described  above  occurs.  When  the  tide  is  either  flooding  or 
ebbing,  the  rips  which  take  place  in  the  tidal  zone  collect  much  of  the 
floating  material  and  hold  it  in  a  line.  This  floating  material  is  appar¬ 
ently  driven  into  the  rip  zone  by  wind  which  blows  in  a  heading  different 
from  the  main  current  directions.  If  a  spill  takes  place  in  one  of  these 
areas,  the  spill  can  be  and  usually  is  blown  into  the  same  rip  zones  if  not 
immediately  contained.  The  local  current  action  then  thoroughly  mixes  the 
debris  and  oil. 

In  open-water  spills,  where  there  are  no  local  current  interac¬ 
tions  or  natural  fixed  barriers  on  which  spilled  material  and  debris  can 
collect,  the  extent  of  debris  and  spill  mixing  is  less  severe  than  in  cases 
where  a  natural  or  man-made  barrier  is  encountered.  If  containment  booms 
are  used  to  control  an  open  spill,  however,  some  of  the  debris  will  be 
driven  by  the  wind  or  current  and  will  collect  against  the  boom.  Also,  if 
the  spill  takes  place  in  areas  where  there  is  natural  marine  growth  that  is 
fixed  to  the  bottom  (such  as  kelp  beds),  the  spill  may  be  driven  into  that 
growth.  A  natural  barrier  would  thus  be  created,  against  which  any  addi¬ 
tional  debris  would  collect  and  greatly  complicate  the  recovery  of  the 
fluid  that  was  mixed  with  the  growth. 

2.  Experience  With  Open-Ocean  Spill  Cleanup  Is  Very  Limited 

Most  of  the  spill  operations  that  have  taken  place  to  date  have 
been  in  sheltered  waters  or  have  been  essentially  shore-based  operations 
where  a  minimum  of  on-the-water  recovery  effort  took  place.  Knowledge  of 
techniques  and  equipment  for  handling  debris  on  the  open  ocean  is,  there¬ 
fore,  very  limited. 
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3.  Spill  Raaidence  Tl—  Afftcf  the  Quantity 
of  Debrla  That  Will  Be  Found 


Generally,  che  longer  a  spill  la  on  the  water,  the  greater  the 
quantity  of  debris  that  will  be  trapped  with  it.  This  is  especially  true 
for  areas  where  debris  is  found  in  heavy  concentrations.  If  the  spill  is 
in  a  current  zone  and  is  contained  by  a  boom,  of  if  it  is  driven  into  an 
intertidal  zone,  the  quantity  of  debris  that  will  come  in  contact  with  tho 
spill  will  Increase  as  the  time  of  residence  of  the  spill  increases. 

4.  Very  Local  Conditions  Have  Strong  Effects 

A  factor  observed  in  many  past  spill  situations  in  which  debris 
was  a  consideration  was  that  the  magnitude  of  the  debris  problem  can  vary 
greatly  from  place  to  place  in  any  general  area.  The  amount  of  debris 
encountered  may  vary  orders  of  magnitude  in  as  short  a  distance  as  50  yards, 
especially  in  harbors.  Certain  parts  of  a  harbor  will,  under  the  right 
current  and  wind  conditions,  act  as  collectors  for  floating  objects  while 
immediately  adjacent  areas  remain  free  of  debris.  (This  situation  will  be 
discussed  by  local  area  in  the  Regional  Debris  Descriptions  section  of  this 
chapter. ) 


5.  Oil-Herder  Compounds  Tend  to  Concentrate  Oil  Around  Debris 

Several  individuals  contacted  during  the  study  observed  that  when 
oil  herder  is  used  on  a  slick  where  debris  is  present,  the  herder  tends  to 
concentrate  the  oil  around  the  pieces  of  debris.  This  phenomenon  makes  the 
recovery  of  scattered  oil  slicks  more  difficult  by  entrapping  any  debris. 
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C.  DESCRIPTION  AND  CATEGORIZATION  OF  DEBRIS  TYPES 


1.  Alphabetical  Listing 

One  of  Che  majoi  goals  of  Che  program  was  Co  deCermlne  Che  Cypes 
of  debris  ChaC  are  found  on  Che  waCer.  Appendix  D  conCains  an  alphabeCical 
lisC  of  Che  various  debris  iCems  ChaC  have  been  reporCed  as  found  floaCing 
in  che  areas  covered  by  Chis  sCudy.  In  Chis  lisC  (and  throughout.  Chis  re- 
porc)  marine  growCh  such  as  kelp,  eel  grass,  and  ocher  seaweeds  is  consider¬ 
ed  floacing  debris,  as  iCs  effects  on  debris-handling  and  debris-protection 
activities  are  similar  to  those  of  other  forms  of  debris. 

Appendix  D  makes  no  comment  on  quantity  or  location.  These  sub¬ 
jects  are  covered  in  a  following  section,  entitled  Regional  Debris  Descrip¬ 
tions.  Note  that  there  are  undoubtedly  additional  typer  of  waterborne  de¬ 
bris  which  are  not  mentioned.  However,  the  list  provides  a  relatively  thor¬ 
ough  source  of  information  regarding  the  predominant  types  of  debris  that 
are  found. 


2.  Debris-Type  Categorization 

Most  of  the  individual  debris  types  listed  in  Appendix  D  have 
common  properties  with  other  types.  Thus,  similar  types  have  been  grouped 
into  common  categories  for  discussing  debris-handling,  temporary-storage , 
or  protection  techniques. 

Iri  selecting  categories,  the  following  general  factors  were  con¬ 
sidered  : 

(1)  Overall  size 

(2)  Number  of  principal  dimensions  (one,  two,  or  three) 

(3)  Mechanical  strength  (flexible  or  rigid) 

(4)  Integrity  (or  lack  of  integrity)  of  individual 
item. 

The  various  debris  categories  are  described  below.  The  properties 
of  the  category  that  make  It  unique  are  given  under  each  category  heading. 
Types  of  debris  that  fall  within  each  category  are  listed  in  Appendix  E. 
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a.  Category  1.  General  Wood  Items 


Individual  pieces  of  wood  are  such  a  predominant  type  of  floating 
debris  that  they  have  been  assigned  a  separate  category.  However,  pieces 
of  structures,  boats,  parts  of  boats,  boxes,  and  other  Items  fabricated 
from  wood  may  be  listed  in  other  categories  (such  as  rigid  shapes)  if  they 
fit  that  categorization  more  aptly. 

This  category  has  been  assigned  Small,  Medium,  and  Large  size 
subcategorics.  Small  wood  objects  are  classified  as  pieces  with  no  dimen¬ 
sion  greater  than  12  inches.  This  12-inch  dimension  is  arbitrary  and  was 
selected  to  provide  a  subcategory  that  could  be  considered  handleable 
manually  by  one  man  with  a  pitchfork,  shovel,  or  hand  skimmer.  This  size 
distinction  is  also  convenient  for  simple  protection  techniques. 

Medium  wood  pieces  have  at  least  one  dimension  greater  than  12 
inches  but  less  than  6  feet.  This  size  was  selected  to  provide  a  subcate¬ 
gory  describing  pieces  of  wood  that  need  to  be  handled  with  small  machinery 
Or  by  more  than  one  person  and  that  are  capable  of  causing  impact  damage  to 
skimmers.  This  subcategory  also  describes  a  size  which  can  be  protected 
from  or  handled  by  pollution-response  equipment  using  manual  tending  protec¬ 
tion  techniques. 

The  Large  size  category  lists  objects  with  one  or  more  dimensions 
greater  than  6  feet.  Objects  in  this  category  require  special  handling  or 
pollution-response-device  protection  techniques  due  to  their  large  size 
and  weight. 

As  a  general  note,  all  of  the  material  in  this  category  falls 
into  one  of  two  classes — natural  wood  or  processed  wood.  Natural  wood 
consists  of  trees  or  pieces  of  trees  which  have  not  been  cut  to  shape. 
Processed  wood  is  either  dimension  lumber  (such  as  2  x  4-inch  boards)  or 
logs  that  have  been  cut  and  trimmed  (such  as  telephone  poles,  pilings,  and 
logs  being  shipped  to  a  lumber  mill). 


b. _  Category  II.  Non-Rigid  Shapes 


Non-Rigid  Shapes  is  a  category  which  describes  objects  which  have 
the  following  properties: 

(1)  Are  discrete,  individual  objects 

(2)  Have  no  rigid  surfaces  (are  somewhat  pliable) 

(3)  Have  enough  integrity  to  be  handled  as  one  piece. 

Examples  of  objects  in  this  category  are  dead  birds,  animals,  or  fish. 
Because  few  items  of  very  small  size  are  found  which  fit  this  category,  the 
subcategories  in  this  section  are  Small  and  Large. 

The  Small  subcategory  includes  individual  objects  which  weigh  less 
than  approximately  20  pounds.  Objects  in  this  category  can  be  handled  by 
one  man  without  assistance  and  would  have  a  minimal  effect  on  skimmers  and 
barriers. 

The  Large  subcategory  includes  objects  whose  weight  is  greater 
than  20  pounds.  These  articles  would  require  the  use  of  more  than  one  man 
or  the  use  ol  machinery  when  handling  and,  due  to  their  weight,  could 
affect  pollution-response  equipment. 

c.  Category  III.  Rigid  Shap es 

This  category  lists  articles  that  are  discrete,  individual  pieces 
and  are  composed  of  a  solid  material  which  has  some  inherent  strength. 
Examples  of  objects  in  this  category  include  crates,  life  rings,  pieces  of 
household  furniture,  and  rigid  plastic  parts  such  as  toothbrushes. 

Size  subcategories  of  this  category  are  Small,  Medium,  and  l.arge. 
Small  articles  have  no  dimension  greater  than  3  inches.  This  size  can 
cause  clogging  of  pumps  and  transfer  lines  on  pollution-response  equipment 
and  can  also  be  handled  manually  using  a  shovel  or  hand  skimmer. 

Medium  sized  articles  are  those  with  one  or  more  dimensions 
greater  than  3  inches  but  less  than  approximately  6  feet.  This  sized  arti¬ 
cle  could  require  more  than  one  man  for  handling  and  is  of  the  size  and 
weight  which  can  cause  mechanical  problems  to  the  pollution-response  equip¬ 
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Large  sized  articles  are  pieces  with  one  or  more  dimensions 
greater  than  6  feet.  Pieces  in  this  category  would  require  large,  mechan¬ 
ized  equipment  for  handling  and  could  cause  severe  damage  on  impact  with 
some  of  the  pollution-response  devices. 

d.  Category  IV.  Flexible  Sheets 

This  category  of  debris  is  classified  as  follows: 

(1)  The  item  has  a  surface  with  a  thickness 
which  is  at  least  an  order  of  magnitude 
smaller  than  either  long  dimension. 

(2)  The  material  of  the  item  is  flexible. 

Examples  of  this  category  of  debris  are  plastic  bags  and  sheets  of  paper. 

The  subcategory  distinctions  within  this  category  are  Small  and 
Large.  Small  pieces  are  typified  as  having  no  dimension  greater  than 
2  feet.  The  2-foot  size  is  estimated  to  be  the  largest  sheet  that  will 
enter  pump  inlets  or  suction  hoses  of  recovery  devices.  Large  items  are 
typified  as  having  one  dimension  greater  than  2  feet.  Handling  problems 
of  material  in  this  category  are  minor  due  to  their  light  weight  and  the 
capability  of  compressing  the  piece  into  a  smaller  volume. 

e.  Category  V.  Rigid  Sheets 

Debris  in  this  category  is  classified  as  having  two  long  dimen¬ 
sions  and  one  short  dimension  and  being  made  of  rigid  material.  Debris 
items  in  this  category  include  pieces  of  fencing,  plywood,  and  bark  chips. 
Most  items  in  this  category  are  either  cut  wood  or  some  piece  of  a  wooden 
structure. 

The  subcategories  are  Small,  Medium,  and  Large.  The  dimensional 
limits  of  the  size  of  the  items  in  these  subcategories  are  the  same  as 
those  used  for  Category  III  (Rigid  Shapes).  As  before,  the  Small  subcate¬ 
gory  items  would  be  a  problem  in  clogging  pumps;  the  Medium  would  require 
special  handling;  and  the  Large  could  severely  damage  pollution-response 
equipment  and  could  cause  handling  problems  due  to  their  size  and  weight. 
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-L: _ Category  VI.  Amorphous  Mater iaJ 


Items  in  this  category  include  materials  that  cannot  be  handled 
as  solids  due  to  the  lack  of  any  inherent  strength.  An  example  of  material 
in  this  category  is  grease.  Both  the  handling  of  and  the  protection  from 
this  category  of  debris  involves  the  same  general  problems  as  tl.ose  found 
m  the  Primary  spill  recovery  operation.  A  possible  problem  in  picking  up 
this  category  of  debris  may  be  that  oleophilic-belt-  and  drum-type  skimmers 
would  be  unable  to  recover  materials  such  as  grease  or  wax.  If  that  is  the 


case,  the  grease  debris  on  the  water  (especially  if  large  amounts  oi  mate 
rial  are  involved)  can  have  a  significant  effect  on  oleophilic  recovery 
devices.  Handling  considerations  are  also  a  problem  due  to  the  material's 
fluid-like  properties.  Since  the  debris  in  this  category  has  no  particular 
shape,  no  size  distinction  can  be  applied.  There  are,  therefore,  no  sub- 
categories  given  for  this  category. 


ik _ Category  VII.  Filamentous  Pieces 

Debris  items  in  this  category  are  characterized  by  having  a  length 
dimension  which  is  considerably  longer  than  the  cross-sectional  dimensions. 
The  material  of  the  individual  pieces  is  flexible  and  may  or  may  not  have 
any  appreciable  breaking  strength. 

The  subcategories  for  items  in  this  category  are  Individual  Pieces 
and  Groups  of  Pieces.  Individual  pieces  are  items  which  are  found  alone 
and  can  be  handled  one  discrete  item  at  a  time.  Groups  of  Pieces  are  groups 
of  multiple  pieces  which,  in  a  practical  situation,  are  difficult  to  sepa¬ 
rate.  Examples  of  debris  that  falls  within  this  category  are  kelp,  fishing 
line,  and  cellulose  fibers. 


JLi__ Category  VIII.  Special  Cases 

This  category  lists  debris  types  that  are  either  unique  with 
respect  to  physical  characteristics  and  therefore  do  not  lend  themselves  to 
general  categorization,  or  those  that  have  some  physical  property  which 
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makes  their  recovery  or  handling  considerations  a  special  problem.  General 
subcategories  in  this  category  are; 

(1)  Items  With  Circular  or  Spherical  Surfaces 

(2)  Fabricated  Paper  Items. 

The  subcategory  of  Items  With  Circular  or  Spherical  Surfaces 
is  included  in  this  category  because  these  items  cannot  be  recovered  by 
belt-  or  drum-type  skimmers  due  to  their  tendency  to  roll.  They  also  are 
very  difficult  to  recover  using  clamshell  and  other  similar  types  of  crane 
attachments  due  to  the  same  tendency.  Items  in  this  subcategory  include 
tennis  balls,  bottles,  and  cans. 

The  subcategory  of  Fabricated  Paper  Items  is  included  because  the 
shapes  in  this  category  do  not  have  appreciable  strength.  Each  of  these 
items  is  paper  which  has  been  treated  with  wax  to  provide  a  liquid  seal 
along  with  some  minimum  strength.  Items  in  this  subcategory  can  be  crushed 
to  reduce  their  volume  and  would  have  a  minimum  damaging  effect  on  pollution- 
response  equipment.  An  example  of  an  item  in  this  subcategory  is  a  milk 
carton. 


Ik  _  debris  SOURCES 

It  is  beyond  the  scope  of  this  study  to  describe  the  type  and 
quantity  of  debris  to  be  found  in  every  local  situation.  This  section  is 
intended  to  provide  general  information  about  sources  which  would  permit 
prediction  of  debris  problems  in  a  particular  local  area  if  the  types  of 
sources  in  that  area  were  known. 

1 . _ Metropolitan-Area  Sources 

Debris  enters  near-shore  waters  of  many  areas  of  the  United  States 
due  to  the  activities  of  the  concentrations  of  population  that  exist  in 
those  locations.  In  general,  the  denser  the  population  in  the  near-shore 
area,  the  greater  the  amount  of  debris  input  to  the  water  in  that  location. 
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Following  are  listings  of  the  various  metropolitan-area  sources  of  floating 
debris: 

a.  Sewage 

Many  areas  of  the  United  States,  at  the  time  of  the  writing  of 
this  report,  discharge  raw  sewage  into  coastal  waters.  (It  is  noted  that 
the  magnitude  of  floating  material  discharged  from  this  source  is  decreas¬ 
ing  rapidly  due  to  various  Federal  and  state  pollution-abatement  activities.) 
Items  such  as  plastic  bags,  cigarette  filters,  rubber  bands,  pieces  of  solid 
plastic,  pieces  of  paper,  condoms,  rags,  floating  grease,  and  wax  are  com¬ 
monly  discharged  in  this  sewage.  The  quantity  of  floating  material  from 
these  sources  can  be  appreciable  in  areas  where  a  great  deal  of  local  dis¬ 
charge  takes  place. 

b.  Storm  Drains 


Storm  drains,  especially  in  areas  where  no  rainfall  occurs  during 
certain  seasons  of  the  year,  collect  debris  that  has  been  discarded  in  the 
streets.  When  flooding  occurs,  the  storm  drains  fill  and  this  collected 
material  is  washed  out  the  storm-drain  discharge.  Debris  from  storm  drains 
includes  pieces  of  wood,  branches,  baseball  bats,  dead  animals,  cardboard 
boxes,  toys,  paint  cans,  paint  brushes,  plastic  sheeting,  paper,  shoes, 
articles  of  clothing,  rubber  thongs,  plastic  items,  and  every  kind  of  bail 
used  for  recreation  in  the  city  areas. 

c.  Dump iug 

Many  municipal  areas  which  border  on  waterfronts  have  a  signifi¬ 
cant  debris  input  from  dumping  activities.  Individuals,  businesses,  and 
ship  cargo  loading  and  unloading  are  all  responsible  for  debris  inputs 
from  this  source.  The  debris  is  dumped  both  directly  into  the  water  and 
into  tributaries  which  lead  into  the  waterway.  Almost  any  item  that  will 
float  and  that  is  used  in  metropolitan  areas  can  enter  the  water  from  this 
source.  Examples  of  commonly  found  items  are  automobile  tires,  household 


furniture,  luggage,  and  crates  of  various  types. 


2.  Commercial  and  Industrial  Debris  Sources 


Certain  commercial  activities  along  the  near-shore  area  cause 
debris  to  enter  the  waterways. 


Commercial  logging  activities  create  debris  in  two  ways:  Material, 
such  as  branches  and  stumps  left  in  the  hills  after  logging  activities  in 
an  area  take  place,  is  wasned  out  of  the  watershed  during  storms  and  enters 
the  water;  and  transportation  of  logs  by  rafting  contributes  large  quanti¬ 
ties  of  bark  chips  and  logs  which  escape  into  waterways.  The  quantity  of 
material  which  enters  the  waterways  from  these  activities  is  especially 
great  in  the  Northwest  United  States. 

b_. _ Shipping  Activities 

Shipping  activities  generate  debris  in  many  locations  nationwide. 
The  type  of  debris  generated  is  of  two  types —  dunnage  material  accidentally 
or  deliberately  dumped  overboard  during  loading  and  unloading  operations, 
and  cargo  lost  during  transfer.  Dunnage  material  consists  of  pieces  of 
wood,  pallets,  timbers,  paper,  sheet  plastic,  and  other  material  used  for 
cargo  protection.  Lost  cargo  that  floats  includes  items  such  as  grain, 
hemp,  fruit,  wood  chips,  cork,  plastic,  resin  beads,  and  cloth.  It  is  noted 
that  the  quantity  of  material  from  these  sources  in  some  port  locations  is 
decreasing  rapidly  due  to  tin;  increased  use  of  containerized  cargo  methods 
which  involve  no  uncrating  and  unpacking  at  the  dock. 

c.  Polluting  Industries 

Many  industries  around  the  United  States  discharge  floating  mate¬ 
rial  Into  the  navigable  waterways.  Currently,  this  source  is  present  but 
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is  a  contributor  of  only  minor  quantities  to  the  nationwide  debris  situation. 
Also,  the  quantity  of  debris  from  this  source  is  becoming  smaller  due  to 
the  Increased  Federal  and  state  efforts  to  curtail  this  type  of  pollution. 

d.  Construction  and  Shipbuilding 

Waterfront  construction  in  some  areas  contributes  wooden  debris 
to  the  water.  Scrap  lumber,  boards,  trim  ends  of  pilings  and  timbers 
being  cut  to  length,  and  other  wooden  debris  can  enter  the  water  near  con¬ 
struction  projects.  Litter,  such  as  large  plastic  sheets  used  to  cover 
lumber,  lunch  trash  (plastic  bags,  paper  bags,  cans,  and  bottles)  from  the 
construction  crew,  can  also  be  found  in  fairly  large  quantities  near  a 
large  construction  project.  Shipbuilding  activities  contribute  wood  and 
rope  to  the  waterfront,  mainly  during  ship-launching  activities.  Wood 
used  for  shoring  and  bracing  is  discharged  to  the  water  when  a  ship  is 
launched.  Material  that  is  on  the  decks  of  recently  launched  ships  is 
sometimes  discarded  overboard  when  the  ship  is  outfitted.  This  can  include 
wood  from  crates,  rope,  plastic  sheeting,  rubber  hoses,  and  paper.  The 
same  type  of  debris  can  also  be  introduced  into  a  harbor  when  drydocks  111 
flooded. 


3.  Special  Problems  With  Harbors  and  Ports 

Many  of  the  larger  ports  of  the  United  States  have  within  their 
boundaries  derelict  vessels  and  abandoned  or  decaying  wooden  waterfront 
structures.  In  some  areas  these  vessels  and  structures  contribute  a  great 
deal  of  wooden  debris.  The  estimated  quantity  of  debris  produced  from 
these  sources  will  be  discussed  in  the  Regional  Debris  Descriptions  section. 
Types  of  wood  produced  from  these  sources  include  large  items,  such  as 
pilings,  timbers,  beams,  and  ship  masts;  medium-sized  pieces,  such  as 
boards,  boat  transoms,  and  pieces  of  deck;  and  small  items  which  are  mainly 
pieces  of  the  larger  items.  Most  of  the  derelict  vessels  which  contribute 
debris  are  of  pre-World  War  II  manufacture  and  have  been  abandoned  at 
anchorages  due  to  their  obsolescence  or  deteriorated  state.  The  waterfront 


structures  which  contribute  wood  can  be  of  more  recent  origin,  although  a 
great  many  are  wharfs  and  docks  that  were  built  temporarily  for  World  War  II 
use.  In  general,  the  quantity  of  both  derelict  vessels  and  structures  is 
greater  in  older  port  areas. 


4.  Rivers 


Rivers  provide  a  source  of  debris  to  many  of  the  offshore  areas 
of  the  United  States.  During  normal  flow  stages,  rivers  mainly  pick  up 
wooden  material  from  their  watershed  along  with  some  municipal  debris  from 
cities  located  upstream  of  the  ocean.  Larger  rivers,  such  as  the  Mississippi 
and  the  Columbia,  also  gain  some  debris  from  the  commercial  activities  that 
take  place  on  them. 

The  greatest  amount  of  debris  in  rivers  is  present  during  and 
after  periods  of  severe  flooding.  The  floods  cause  the  river  to  rise  above 
its  normal  level,  and  many  areas  that  are  normally  dry  are  flooded  and 
washed  out  due  to  the  increased  water  level.  Large  quantities  of  debris 
(mostly  wood)  are  p.esent  in  these  normally  dry  areas.  This  material  is 
floated  with  the  high  water  and  is  washed  downstream.  In  addition  to  the 
high-water  washing,  periods  of  flooding  often  take  place  after  hurricanes 
or  other  severe  storms.  These  storms  create  much  debris  that  enters  the 
river  and  is  washed  downstream.  The  concentration  of  debris  introduced  by 
the  rivers  is  greatest  in  estuary  areas  or,  in  the  case  of  very  large  rivers, 
in  the  bays  into  which  the  rivers  discharge. 

5.  Boat  and  Ship  Debris 

Some  significant  debris  enters  harbor  and  near-shore  areas  from 
boat  and  ship  activities. 

a.  Fishing  Vessels 

Both  commercial  and  sportfishing  boats  contribute  debris  to  off¬ 
shore  areas.  Debris  from  this  source  is  mainly  discarded  packaging  waste 
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from  food  and  beverages  consumed  aboard  these  craft.  Items  discarded  to 
the  water  include  plastic  bags,  cans,  bottles,  cartons,  plastic  six-pack 
holders,  paper  cups,  paper,  and  some  wood  from  crates.  Occasionally  fishing 
line,  nets,  floats,  and  rope  are  discarded  or  lost.  The  quantity  of  debris 
from  this  source  which  could  be  expected  in  an  oil  spill  is  very  small,  as 
debris  from  these  vessels  is  generally  discarded  well  offshore,  and  the 
material  disperses  rapidly. 

b.  Cargo  Vessels 

Cargo  vessels  contribute  debris  from  both  crew  activitie  and  lont 
cargo  and  dunnage.  The  crew  wastes  discharged  from  ships  are  generally  the 
same  as  previously  described  for  fishing  vessels.  The  quantity  of  debris 
from  discarded  crew  waste  is  relatively  small  and  usually  is  found  on  the 
open  ocean;  it  has  little  effect  on  debris  in  oil  spills.  I.oss  of  large¬ 
sized  cargo  overboard  usually  occurs  in  severe  storms  when  deck  cargo  is 
washed  overboard.  Loss  of  large,  buoyant  items  could  be  expected  in  this 
manner.  Cargo  and  dunnage  losses  during  loading  and  unloading  operations 
have  been  previously  discussed  in  the  Commercial  and  Industrial  Debris 
Sources  section.  Debris  created  by  dunnage  losses  at  sea  can  be  appreciable. 
In  some  cases,  deck  cargo  is  uncrated  before  entering  port  to  facilitate 
unloading.  The  wood  used  to  brace  and  package  the  cargo  is  discarded  over¬ 
board.  Other  dunnage  material  entering  the  water  in  this  manner  includes 
large  plastic  sheets  and  line  used  to  cover  deck  cargo  such  as  lumber. 

c.  Military  Vessel  Operations 


Some  debris,  mainly  food  packaging  wastes,  is  lost  overboar.l  on 
military  vessels.  Apparently  a  significant  concentration  occurs  dockside 
only  when  milk  cartons,  plastic  and  paper  wrappers,  cans,  and  bottles  are 
continually  discarded  by  the  crew.  The  material  tends  to  collect  alongside 
the  ship  or  underneath  the  adjacent  docks.  The  quantiLy  of  debris  produced 
by  this  source  would  only  be  of  significance  in  small  dockside  spiils. 
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d.  Recreational  Vessels 


Debris  produced  by  recreational  vessels  is  mainly  food  and  bever¬ 
age  packaging  waste  and  paper  plates,  cups,  and  napkins.  The  local  debris 
concentration  from  this  source  in  harbors,  marinas,  and  bays  where  a  great 
deal  of  pleasure-boat  activity  takes  place  can  be  significant.  Some  of  the 
more  populated  marinas  can  have  debris  covering  the  water  in  corners  of 
slip  s  so  that  it  creates  a  problem  in  small  oil  spills.  Other  less  numerous 
debris  Items  attributable  to  recreational  vessels  include  life  rings  and 
preservers,  articles  of  clothing,  rubber  shoes,  pieces  of  wood,  lengths  of 
line,  paint  cans,  and  paint  brushes. 

e.  Shipwrecks 

Shipwrecks  can  provide  a  dense  local  source  of  debris  in  a  spill. 
Any  buoyant  material,  such  as  life  rings,  loose  wood,  insulation,  plastic 
sheets,  cargo  lighter  than  water,  life  rafts,  life  boats,  drums,  boxes, 
some  canned  goods,  crates,  etc.,  can  float  off  a  wreck.  Since  the  source 
of  spilled  oil  in  many  spill  situations  is  a  sinking  or  sunken  tanker,  the 
debris  listed  above  will  enter  the  water  with  the  oil.  Buoyant  cargo  can 
be  a  problem  in  recovering  a  spill  due  to  the  potentially  large  quantity  of 
material  present.  Ships  carrying  large  amounts  of  small  buoyant  items  can 
present  a  severe  situation  in  which  a  great  deal  of  small  floating  material 
could  become  mixed  with  the  oil.  Some  cargoes  which  could  cause  this  situa¬ 
tion  in  a  spill  are  resin  beads,  small  plastic  items  (pens,  toothbrushes, 
etc.),  animal  pelts,  grain,  hemp  fibers,  paper,  rope,  wood  chips,  fruit, 
empty  cans  or  cartons,  wood  items,  automobile  tires,  toys,  and  cloth  items. 

Another  problem  which  has  occurred  in  some  spills  involves  debris 
within  partially-flooded  ships.  If  oil  inside  a  stranded  or  foundering 
ship  must  be  removed,  the  situation  is  greatly  complicated  by  the  flotsam 
within  the  ship.  Some  typical  items  found  floating  inside  a  ship  include 
cans,  bottles,  clothing,  rags,  furniture,  cushions,  papers,  cork,  pens,  and 
wood. 
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6.  Seaweed.  Kelp,  Eel  Grass,  Etc. 


Because  of  the  potentially  large  quantities,  marine  growth  can 
become  a  severe  debris  problem  in  a  spill  situation.  The  material  can  be¬ 
come  involved  either  by  the  spill  being  transported  into  natural  beds  or, 
in  the  fall  and  spring,  by  dead  material  being  driven  into  the  contaminated 
waters.  Also,  in  some  areas  such  as  the  Northeast,  a  combination  of  both 
situations  can  occur  where  the  contaminant  kills  the  kelp  or  eel  grass 
causing  it  to  float  out  of  its  beds  and  to  become  mixed  with  another  portion 
of  the  spill.  The  quantity  of  debris  which  enters  the  spill  from  this 
source  can  be  very  large,  especially  in  areas  of  extensive  kelp  beds  or 
abundant  eel  grass.  The  situations  found  in  the  various  areas  of  interest 
of  this  study  are  discussed  in  the  Regional  Debris  Descriptions  section. 


E.  NATURAL  EFFECTS  ON  DEBRIS  SITUATION 


Certain  natural  factors  can  affect  the  location,  type,  and  quanti¬ 
ty  of  debris  in  local  situations.  Some  of  these  factors,  and  their  effect 
on  local  debris  situations,  are  covered  in  the  following  paragraphs. 

1.  Seasonal  Effects 


A  number  of  seasonal  variations  can  affect  local  debris  concentra¬ 
tions. 

a.  Spring  Thaws 

,  Spring  thaws  in  many  locations  raise  levels  in  downstream  water¬ 
ways  and  also  release  debt  .s  that  has  been  trapped  by  ice  and  snow  in 
watersheds.  Both  these  factors  can  cause  gradual  but  pronounced  increases 
in  debris  concentrations  in  downstream  tributaries  in  the  spring.  The 
reader  is  referred  to  the  previous  section  on  rivers  as  debris  sources  for 
a  discussion  of  the  effect  of  higher  water  level  on  debris  in  rivers. 
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b.  Seasonal  Rainfa] 1 


Increased  rainfall  due  to  the  onset  of  a  wet  season,  especially 
in  areas  that  are  dry  much  of  the  year,  can  bring  much  stranded  debris  mate¬ 
rial  into  natural  waterways  and  ultimately  into  the  ocean.  This  effect  is 
similar  to  that  described  above  in  that  it  occurs  gradually  and  increases 
the  nominal  debris  level  in  rivers,  estuaries,  and  ultimately  in  some  off¬ 
shore  areas. 

c.  Annual  Defoliation 


Annual  fall  loss  of  leaves  by  trees  and  dying  of  annual  plants 
can  cause  locally  heavy  concentrations  of  these  materials  in  some  areas  of 
the  United  States.  This  effect  is  most  pronounced  in  the  Northeast  and 
Mid-Atlantic  near-shore  areas  and  occurs  for  a  short  time  period  only. 


2.  Storms 


Storms,  especially  severe  ones  such  as  hurricanes,  can  cause  sud¬ 
den  peak  debris  inputs  to  various  areas.  The  following  individual  factors 
all  contribute  to  this  increase  of  local  debris  level: 

a.  Increased  Water  Levels  in  Rivers  and  Tributarie s 


Severe  storms  can  discharge  large  amounts  of  rainfall  to  a  water¬ 
shed  area  in  a  short  period  of  time,  as  has  been  discussed  previously.  The 
resultant  swelling  of  creeks  and  rivers  brings  down  material  normally 
stranded  above  high-water  level.  Also,  in  areas  where  surface  water  is 
present  only  during  storms,  the  water  will  flush  out  any  debris  present  in 
the  normally  dry  waterways.  The  debris  produced  from  the  above  effects 
mainly  enters  the  water  during  a  short  period  of  time  rather  than  the  more 
gradual  increase  due  to  seasonal  changes. 
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b.  High  Winds 


The  high  winds  of  a  storm  can  cause  whole  trees,  branches  of 
trees,  and  parts  of  decaying  structures  and  vessels  to  enter  the  water. 

This  effect  is  normally  combined  with  high  water  in  causing  a  peak  debris¬ 
load  Increase  in  a  given  area. 

c.  High  Tides  and  Area  Flooding 

High  water  levels  during  storms  cause  debris  normally  stranded  to 
come  off  of  beaches  and  river  banks.  Also,  during  especially  severe  flood¬ 
ing,  many  populous  areas  can  be  inundated  and  houses,  roofs,  front  porches, 
automobiles,  chicken  houses,  wagons,  dog  houses,  trees,  fences,  and  many 
other  large  items  can  be  brought  into  the  waterways. 

d.  Severe  Wave  Activity 

Large  waves  associated  with  storms  can  cause  destruction  of  shore- 
front  structures.  Material  from  these  structures  can  include  wooden  timbers, 
boards,  pilings,  and  parts  of  houses.  This  debris  generally  stays  floating 
in  the  shorefront  area  or  is  driven  ashore. 

3.  Tides  and  Currents 


a.  Extremely  High  Tides 

Extremely  high  tides  have  the  same  general  effect  as  previously 
described  under  the  High  Water  Levels  section  except  that  the  high  tides 
work  mainly  on  material  stranded  on  shore.  The  effect  in  some  areas  can  be 
much  more  severe  than  high  water  in  rivers,  due  to  the  quantity  of  material 
that  is  floated  off.  Some  areas,  such  as  San  Francisco  Bay  and  New  York 
Harbor,  have  many  miles  of  shoreline  covered  with  debris  normally  stranded 
above  high-water  level.  During  severe  flood  tides,  a  large  percentage  of 
this  material  is  refloated  onto  the  water. 
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b.  Tidal  Currents 


Tidal  currents  have  an  effect  on  locations  to  which  debris  is 
transported.  In  some  areas  where  fast  tidal  currents  occur,  these  currents 
(when  running)  can  he  the  predominant  factor  in  the  transport  of  debris. 

As  was  previously  described  in  the  General  Observations  section  of  this 
chapter,  debris  can  be  concentrated  in  tidal  zones  along  current  convergence 
I  lues. 


4.  Wind  Direction 


Wind  direction  can  affect  both  the  concentration  of  debris  on  the 
water  and  where  the  debris  is  found.  If,  in  a  near-shore  area,  the  wind 
blows  predominantly  in  one  direction  and  currents  in  the  area  are  weak;  the 
debris  that  is  on  the  water  will  tend  to  be  driven  into  one  location  and 
concentrated.  if  the  wind  then  shifts  direction,  the  concentrated  material 
can  he  blown  out  into  open  water  and,  given  enough  time,  concentrated  in 
some  new  location.  The  location  of  natural  traps  for  debris,  therefore, 
will  depend  on  the  prevailing  wind  condition. 

3 ._ _  De.hr  1  s-( loncon t r a t  ion  ill  feet  of  Geogrnphica  1  Fe  \ tore  s 

Local  geographic.!  1  (actors  can  greatly  affect  where  and  in  what 
quantity  debris  is  found  in  a  region.  The  following  section  di.. cusses 
typical  local  areas  where  debris  is  found  in  large  quantities  relative  to 
open-water  concentrations . 

a.  Calm-Water  Area s 

Debris  in  near-shore  areas,  it  left  alone,  tends  to  be  ult  imatMv 
transported  by  wind  and  eurrent  forces  to  areas  of  relatively  calm  water. 
These  areas  include  the  foil  owin'  * 
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(1)  Coves 

(2)  Bays 

(3)  Certain  sheltered  sides  of  harbors 
or  estuaries 

(4)  Underneath  and  around  docks,  piers, 
and  ramps 

(5)  Behind  or  on  small  islands 

(6)  Behind  locks  o:  dams 

(7)  In  or  around  concentrations  of  kelp, 
seaweed,  or  marsh  grass. 

These  calm-water  areas  tend  to  have  the  greatest  concentrations  of  floating 
debris  in  a  given  region,  the  exception  occurring  with  unusual  wind  condi¬ 
tions.  Most  of  the  debris  in  a  shoreline  or  harbor  spill  could  be  expected 
in  these  areas. 

b.  Free-Floating  Concentrations 

As  has  been  previously  discussed,  tidal  rips  or  areas  where  river 
and  tidal  currents  interact  tend  to  provide  lines  of  stagnant  surface  water 
in  which  lines  of  debris  collect.  The  quantity  of  debris  in  these  lines,  in 
areas  with  strong  tidal  action,  is  usually  far  greater  than  occurs  in  other 
open-water  areas. 


6.  Effect  of  Tidal  Flushing  Action  on  Debris 

Harbors  and  bays  which  do  not  have  a  good  natural  flushing  action 
due  to  tidal  currents,  tend  to  have  more  debris  than  other  areas  with  the 
same  relative  debris  input  and  good  tidal  flushing  actions.  If  no  general 
flushing  action  is  present,  debris  material  will  be  transported  back  and 
forth  lbcally  by  tidal  action  but  will  not  be  carried  out  of  the  area. 

7.  Tidal  Waves 

The  West  Coast  of  the  United  States  and  Hawaii  can  be  subject  to 
periodic  tidal  waves  caused  by  earthquakes.  The  extremely  high  water  level 
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present  when  a  tidal  wave  strikes  a  harbor  or  coastal  area  causes  the  same 
general  type  of  effect  as  storm  waves  and  flood  tides,  only  with  much  more 
severity.  Large-scale  destruction  of  shorefront  structures  can  occur  with 
the  resulting  generation  of  a  great  quantity  of  debris. 


f.  REGIONAL  DEBRIS  DESCRIPTIONS 

The  following  section  discusses  Lhe  type  and  quantity  of  debris 
found  in  selected  harbors,  estuaries,  and  coastal  waters  of  the  United 
States.  To  the  extent  possible  within  the  scope  of  this  effort,  local 
debris  conditions  and  factors  which  affect  those  conditions  are  also  dis¬ 
cussed  . 

The  regional  areas  discussed  are  shown  in  Figure  1.  As  was  men¬ 
tioned  in  the  introduction,  the  areas  considered  in  this  study  were  the 
coastal  areas  of  the  continental  United  States  and  Hawaii.  Rivers,  the 
Great  Lakes,  Alaska,  and  Puerto  Rico  were  omitted. 

Detailed  regional  descriptions  of  the  debris  situations  determined 
during  the  study  are  listed  in  Appendix  F.  A  summary  of  that  information  is 
given  in  the  following  Table  1. 

The  regional  descriptions  in  Appendix  F  are  broken  down  into  dis¬ 
cussions  of  debris  situations  that  occur  in  lorai  areas.  Each  area  discussed 
has  certain  particular  debris  types  and  quantities  which  make  that  area 
unique.  In  general,  harbor  areas,  especially  around  large  centers  of  popu¬ 
lation,  are  different  from  adjacent  offshore  or  coastal  situations  and  are, 
therefore,  listed  as  separate  areas. 

The  area  discussions  in  Appendix  F  are  listed  according  to  debris 
category.  Descriptions  of  items  found  in  the  various  categories;  and,  where 
information  was  obtainable,  estimates  of  the  quantity  of  debris  in  the  pre¬ 
dominant  General  Wood  Items  and  Filamentous  Pieces  categories  are  given. 

It  is  also  noted  that  the  descriptions  given  in  Table  1  and  Appen¬ 
dix  F  are  of  debris  situations  that  existed  in  1973.  The  debris  types  and 
quantities  in  any  area  can  and  will  change.  Factors  which  can  and  are  dras¬ 
tically  affecting  the  type  and  quantity  of  debris  found  in  an  area  include 
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FIGURE  /  .  GENERAL  AREAS  OF  INTEREST  OF  THE  STUDY 


TABLE  1.  DEBRTS  INFORMATION  SUMMARY 


Region 

Atea 

Debris  Situation 

New  England 

Coastal 

Some  natural  wood  floating  on  the 
water;  collections  of  wood  on  the 
beaches;  large  amounts  of  eel  grass 
marsh  grass,  and  seaweed.  Quanti¬ 
ties  of  debris  increased  somewhat 
by  severe  storms. 

New  England 

Bos ton/ Port land/ 
Providence 

Large  quantities  of  man-made  wood 
drift  from  decaying  structures  and 
vessels;  some  seaweed,  eel  grass, 
etc.;  some  municipal  trash. 

Northeast. 

New  York  Harbor 

Severe  man-made  wood  problem  from 
decaying  vessels,  structures,  and 
dumping;  some  municipal  trash;  some 
discarded  ship  wastes.  Quantity 
of  debris  affecLed  by  tides. 

Northeast 

Port  of  Philadelphia 

Some  man-made  wood;  large  amounts 
of  natural  wood  after  severe 
storms;  some  municipal  trash, 

Northeast 

Delaware  Bay 

Some  floating  wood  in  small  concen¬ 
trations;  some  marsh  grass,  etc. 

Northeast 

Baltimore  Harbor 

Large  amounts  of  floating  wood, 
mostly  man-made;  some  municipal 
trash.  Quantity  of  debris  pn  atiy 
affected  by  tides  and  winds. 

Northeast 

Washington  D.  C. 

Moderate  debris  problem  consisting 
of  natural  wood,  found  in  large 
quantities  during  spring  and  fall. 

Northeast 

Chesapeake  Bay 

Some  wood  items  from  rivers  and 
derelict  boats,  but  not  in  apprec¬ 
iable  quantity.  Large  amounts  of 
marine  growth  that  could  be  severe 
problem  in  inshore  spill. 

Atlantic 

Ocean 

Oi f shore,  entire 

Very  small  debris  problem  vith  res¬ 
pect  to  oil  spills,  Quantity  of 
debris  very  small  relative  to  other 
areas . 
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TABLE  1.  (Continued) 


Ration 

Area 

Debris  Situation 

MidnAtlantic 

Norfolk,  Haapt  a 

Roads 

Large  amount  of  wood  drift.  Wood 
is  man-made  in  Port  area,  natural 
outside  of  area.  Wood  would  be 
problem  in  oil  spill. 

Mid-Atlantic 

Charleston,  Savannah, 
Wilmington  Ports 

Light  amounts  of  wood  debris,  could 
become  moderate  after  severe  storm. 
Some  municipal  trash. 

Florida 

Jacksonville 

Moderate  wood  problem,  some  natural 
and  some  man-made.  Great  quantities 
of  water  hyacinth  in  area. 

Florida 

Miami,  Fort  Everglades 

Large  quantities  of  water  hyacinth, 
seaweed,  turtle  grass,  and  sargas- 
sum  weed;  Borne  coconuts  and  palm 
fronds  in  quantity;  some  boating  and 
municipal  debris. 

Florida 

Tampa  Bay 

Lily  pads  and  hyacinth  in  great 
quantity;  some  wood  In  limited 
quantities. 

Gulf  Coast 

Mobile  Bay 

Light  wood  normally,  can  become 
moderate  during  flooding  of  rivers 
after  storms;  some  sea  grass  in 
shallow  areas  of  the  bay. 

Gulf  Coast 

i 

Mississippi  River 

Moderate  floating  wood  normally, 
Increases  to  heavy  during  periods 
of  extremely  high  water.  During 
flooding  large  objects  can  come 
down  river.  Some  municipal  debris 
and  floating  oil  drums  found  in 
small  quantity. 

Gulf  Coast 

Mississippi  Delta, 
Louisiana  Gulf 

Reed  grass,  hyacinth,  lily  pads 
in  great  quantities  in  the  Inshore 
areas. 

Gulf  Coast 

Port  Arthur,  Galveston, 
Corpus  Christ!  Ports 

Minimal  debris  problem;  very  little 
or  no  material  normally,  with  some 
limited  material  after  a  hurricane. 
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TABLE  J.  (Continued) 


Region 
Gulf  Coast 


Gulf  of  Mexico 


California 


California 


Cal ifornia 


Cal i f  ornia 


California 


Northwest 


Northwest 


Area 


Debris  Situation 


Port  of  Houston 


Open  Water 


San  Diego  Harbor 


Los  Angeles,  Long 
Beach  Harbors 


Southern  California 
Offshore 


San  Francisco  Bay 


Northern  California 
Coastal 


Oregon/ Washing  ton 
Coastal 

Lower  Columbia 
River/Portland 


Great  quantities  of  debris  consist¬ 
ing  of  wood,  domestic  trash,  brush 
and  other  items  discarded  in  the  bay¬ 
ous;  situation  worse  after  storm. 

No  debris  problem  in  open  water; 
slight  to  no  problem  in  discharge 
area  of  the  Mississippi . 

Light  debris  problem;  some  wood, 
palm  fronds  and  municipal  trash. 

Normally  light  debris  problem  con¬ 
sisting  of  moderate  wood, turtle 
reeds,  ship  and  domestic  trash. 

Can  become  moderate  concentrations 
in  some  ar-a  ■  of  the  harbor  after 
storms . 

Large  quantities  of  kelp  in  the  on¬ 
shore  areas;  minimal  problem  with 
other  debris. 

Moderate  to  severe  problem,  mostly 
man-made  and  natural  wood;  worst 
when  flood  tides  occur  after  storm; 
municipal,  shippine,  boating  and 
other  trash  common. 

light  to  moderate  Jogging  debris  nor¬ 
mally  in  open  water;  debris  concentrate 
on  beaches  heavy >  can  cause  moderate 
concentration  in  near-shore  areas 
when  high  tides  occur.  Moderate 
concentrations  of  kelp. 


Same  as  above . 


Normally  moderate  debris,  rostlv 
natural  wood  and  logging  debris; 
can  become  heavy  with  flooding; 
concentrations  of  wood  in  Portland 


TABLE  1.  (Continued) 


lesion 

Ares 

Debris  Situation 

area  during  flooding;  some  municipal 
trash. 

Northwest 

Strsits  of  Juan  de 
Puca/Puget  Sound 

Moderate  debris,  mostly  logs,  bark 
chips,  limbs,  stumps, etc.;  can  be 
heavy  after  severe  storms;  some 
plastic  sheets,  shipping  and  boat¬ 
ing  debris;  moderate  to  heavy  kelp 
in  places. 

Northwest 

Seat  tie/ Tacoma 

Heavy  wood  locally,  from  municipal, 
commercial  and  logging  activities ; 
some  municipal  trash,  plastic  sheets, 
etc. 

Northwest 

Bellingham/Everett 

Ports 

Moderate  to  heavy  wooden  debris  from 
logging  and  log  rafting. 

Pacific  Ocean 

Offshore,  entire 

Light  to  very  light  quantities  of 
debris ;  would  be  no  problem  in  oil 
spill. 

Hawaii 

Honolulu  and  Pearl 
Harbor 

Light  to  moderate  wood  and  municipal 
trash;  situation  worse  with  un¬ 
usual  winds. 
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(1)  Increased  use  of  containerization  in  cargo 
handling 

(2)  Tighter  environmental  controls  by  the  Federal, 
state,  and  local  governments 

(3)  Better  cleanup  of  logging  debris  by  loggers 

(4)  Shifts  in  the  type  of  shorefront  construction 
used  in  an  area 

(5)  Improved  flood  control 

(6)  Implementation  of  regular  municipal  or  port- 
authority  cleanup  operations. 

In  some  regional  descriptions,  mention  is  made  of  debris  possibil¬ 
ities  in  .small,  medium,  and  large  spill  situations.  The  estimated  sizes  of 
these  spills  are  based  on  observations  during  the  study  of  "average"  spills 
throughout  the  United  States.  Small  spills  are  intended  to  be  spills  approx¬ 
imately  in  the  10  to  1,000-gallon  range;  medium  spills  would  be  spills 
approximately  in  the  1,000  to  10,000-gallon  range;  and  large  epills  would 
be  those  greater  than  10,000  gallons.  These  arbitrary  spill  sizes  are  con¬ 
trasted  with  the  following  definitions  of  spill  sizes  in  coastal  areas  from 
t he  National  Oil  and  Hazardous  Substances  Pollution  Contingency  Plants 
Minor  spill  =  loss  than  10,000  gallons;  medium  spill  *  10,000  to  100,000 
gallons;  and  a  major  spill  =  greater  than  100,000  gallons. 

G.  PROPOSED  DEEP-DRAFT  HARBORS 


Deep-draft  harbors  capable  of  offloading  supertankers  are  being 
considered  lor  sit-..;  which  fall  within  the  areas  of  interest  of  the  study. 
Following  is  a  discussion  of  the  possible  debris  problems  (or  lack  of  prob¬ 
lems)  in  the  potential  sites  listed  in  a  1972  report  to  the  Corps  of  Engi- 

(2) 

neers  by  Robert  R.  Nathan  Associates  . 

(1)  council  on  hnv i i  -  omental  Quality,  "National  Oil  and  Hazardous  Substances 
Pollution  Contii.reucy  Plan"  (August  1971). 

(2)  Robert  R.  Nathan  Associates,  "U.  S.  Deep  Water  Port  Study",  l.W.R.  Re¬ 
port  72-8,  Department  of  the  Army,  Corps  of  Engineers  (August  1972). 
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1.  New  York  Area  Sites 


Two  possible  offshore  sites  are  proposed — a  location  at  Roster 
Shoal  and  a  location  north  of  Sandy  Hook,  New  Jersey.  Both  sites  will  have 
a  minimal  problem  with  debris.  Some  occasional  pieces  of  wood  driven  out 
of  New  York  Harbor  may  be  encountered  one  at  a  time,  but  the  frequency  of 
occurrence  will  be  low.  It  Is  more  probable  that  floating  garbage  from 
offshore  dumping  of  New  York's  solid  wastes  will  be  encountered.  The  read¬ 
er  is  referred  to  the  New  York  offshore  regional  description. 

2.  Delaware  Bay  Sites 

Two  proposed  sites  in  Delaware  Bay  are  off  of  Big  Stone  Beach  and 
the  Delaware  Capes.  Both  locations  will  have  the  same  minimal  debris  prob¬ 
lem  as  in  the  open  Atlantic.  The  reader  is  referred  to  the  Atlantic  region¬ 
al  description  for  more  detail. 


3.  Gulf  Coast  Sites 


The  proposed  Gulf  Coast  sites  are  south  of  the  Mississippi/Ala¬ 
bama  Coast,  south  of  the  Louisiana  Coast,  and  offshore  of  Freeport,  Texas. 
All  the  sites  are  well  offshore  and  will  have  the  same  minimal  debris  prob¬ 
lem  as  described  in  the  Gulf  regional  description. 

4.  Los  Angeles/Long  Beach  Harbor  Sites 

The  proposed  sites  are  located  within  the  harbor  areas.  The  de¬ 
bris  situation  in  these  harbor  areas  is  described  in  the  Los  Angeles/Long 
Beach  regional  description. 


5.  San  Francisco  Bay  Sites 

The  proposed  sites  in  the  Bay  area  run  from  Point  Richmond  along 
the  Bay  shore  to  Avon,  located  in  Suisun  Bay.  The  debris  situation  can  be 
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severe  in  this  area,  with  great  quantities  of  floating  wood  occurring  during 
certain  parts  of  the  year.  Wood  Is  present  in  some  quantity  at  all  times, 
and  other  Items,  such  as  plastic  sheets  and  cans,  are  commonly  found  float¬ 
ing.  Also,  peat  moss  and  other  organic  debris  is  encountered  during  some 
months.  The  reader  is  referred  to  the  Angels  Island  area  description  of 
the  San  Francisco  Bay  regional  description. 

6.  Puget  Sound/Bellingham  (Washington)  Site 

The  proposed  site  in  this  area  is  10  miles  northwest  of  Bellingham. 
The  debris  situation  in  this  area  consists  of  moderate  to  heavy  wood  debris 
from  logging.  The  reader  is  referred  to  the  Bellingham  Port  and  Puget  Sound 
descriptions  for  more  detailed  information. 


H.  SUMMARY 


In  general,  most  of  the  man-made  floating  debris  encountered 
throughout  the  United  States  is  wood,  while  most  of  the  natural  debris  in 
many  areas  is  marine  growth  and,  to  a  lesser  extent,  natural  wood. 

The  relative  quantity  of  debris  found  in  a  given  area  varies 
greatly  from  location  to  location,  depending  on  population  density,  level 
and  age  of  shorefront  development,  proximity  to  major  rivers  which  flood 
and  bring  down  large  quantities  of  debris,  severity  of  local  storms,  mag¬ 
nitude  of  tides  (especially  flood  tides),  the  extent  of  logging  activities, 
and  the  quantity  of  abandoned  and  decaying  vessels  and  structures  within  an 
area.  For  a  given  area,  the  concentration  of  debris  in  a  location  is 
affected  by  winds,  waves,  currents,  and  geographical  considerations. 

'  In  summary,  floating  debris  is  present  in  some  areas  of  the 
United  States  in  quantities  that  have  been  and  will  be  major  impediments  to 
the  recovery  of  spilled  fluids.  In  other  areas,  the  extent  of  debris 
effects  in  spill-recovery  operations  can  vary  from  being  a  moderate  impedi¬ 
ment  to  not  being  a  factor.  Where  debris  is  present  in  quantity,  the  spill- 
recovery  efforts  will  be  more  costly  and  time-consuming  than  in  areas  with 
little  or  no  debris  concentrations. 
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I.  CONCLUSIONS 


(1)  Most  of  the  man-made  debris  (by  weight)  that  is  found  in  the 
areas  of  interest  of  this  study  is  wood.  This  wood  may  be  natural  or  cut 
wood,  or  a  combination  of  the  two,  depending  on  location. 

(2)  Open-water,  man-made  debris  concentrations  are  very  sparse, 
with  the  exception  of  the  Northwest  United  States.  The  open-water  debris 

in  the  Northwest  is  mainly  logs  and  logging  debris  that  are  driven  out  to  sea 

(3)  A  major  source  of  debris  in  the  New  York,  Boston,  Baltimore, 
Norfolk,  and  San  Francisco  port  areas  are  the  old,  poorly  constructed,  war¬ 
time  shorefront  structures,  which  have  decayed  into  the  water.  These  older 
ports  generally  have  the  worst  man-made  debris  quantity  problem. 

(4)  Rivers  carry  far  more  debris  during  floods  than  other  periods 
because  of  the  increased  water  levels  that  occur,  along  with  the  destructive 
action  of  the  storms  that  cause  the  flooding.  These  factors  cause  much  more 
wood  to  be  floated  into  and  transported  by  rivers  during  flood  periods. 

(5)  A  great  many  derelict  structures  and  vessels  are  present  in 
several  port  areas.  These  abandoned  items  are  generally  wood  and  are  a 
major  source  of  floating  debris. 

(6)  Debris  concentrations  within  a  region  depend  greatly  on  local 
currents,  winds,  and  geographical  factors.  The  areas  where  debris  concen¬ 
trates  and  the  quantity  in  these  areas  are  therefore  very  local  in  nature 
within  a  region. 

(7)  The  recent  awareness  of  the  public  with  respect  to  pollution 
of  waterways  has  resulted  in  legislation  which  is  reducing  the  debris  prob¬ 
lem  nationally.  Containerization  of  cargo  is  also  reducing  the  in-,  it  of 
debris  into  harbors  considerably  due  to  the  discontinuation  of  dockside  un¬ 
packing  of  cargo. 

(8)  Very  large  quantities  of  marine  growth  are  present  in  the 
areas  of  interest  of  this  study.  This  growth  could  cause  severe  problems 
when  cleaning  up  large  spills. 

(9)  Port  debris-cleanup  operations  currently  underway  d>  not  com¬ 
pletely  remove  the  debris  present  in  those  areas.  Enough  wood  remains  to 
hamper  spill-cleanup  operations. 
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J.  RECOMMENDATIONS 


(1)  The  Coast  Guard  should  initiate  or  become  involved  in  joint 
debris-oriented  programs  with  the  Envlronmantal  Protection  Agency,  the  Corps 
of  Engineers,  and  the  Navy.  This  would  help  to  eliminate  overlapping 
efforts  by  these  organizations.  Since  there  is  much  conmon  interest  and 
activity  in  debris-related  areas,  a  coordinated  debris  effort  would  be  in 
the  best  interests  of  all  concerned. 

(2)  The  use  of  aerial  surveillance  should  be  considered  to 
identify  and  monitor  local  areas  where  specific  debris  concentrations  exist. 
Trends  could  be  established  and  the  effects  of  source  removal  programs 
evaluated.  Planning  for  pollution-response  equipment  regional  deployment 
would  also  be  facilitated  by  having  up-to-date  debris  quantity  information 
for  these  debris-prone  areas. 


CHAPTER  III.  DEBRIS-HANDLING  EQUIPMENT  AND  TECHNIQUES 


A.  INTRODUCTION 


As  more  and  more  pollution-control  experience  is  gained,  it  is 
becoming  clear  that  special  equipment  and  techniques  are  needed  to  deal  with 
waterborne  debris.  In  many  oil  spills,  the  amount  of  oil-soaked,  floating 
debris  recovered  in  the  cleanup  operation  has  been  many  times  greater  than 
the  amount  of  oil  recovered. 

This  chapter  examines  the  factors  affecting  the  selection  of  equip 
ment  and  techniques  for  debris  handling,  the  state  of  the  art  and  general 
effectiveness  of  the  various  methods  of  debris  handling,  and  possible  ways 
to  improve  these  methods.  Design  considerations  for  new  debris-handling 
systems  are  included,  along  with  recommendations  for  systems  that  would  be 
most  effective  in  a  given  situation.  Techniques  and  equipment  from  indus¬ 
tries  not  normally  associated  with  oil-spill  cleanup  are  included  in  the 
discussion. 


B.  SELECTION  FACTORS 


The  factors  which  govern  the  selection  of  equipment  and  techniques 
for  coping  with  debris  in  an  oil  spill  are  unique  in  each  incident,  as  no 
two  spills  are  exactly  alike.  There  are  certain  major  factors,  however, 
which  should  be  considered.  All  of  these  factors  are  closely  interrelated, 
and  decisions  regarding  spill-recovery  equipment  should  not  be  based  on  on., 
or  two  factors  alone.  Further,  the  factors  which  determine  procurement  of 
equipment  for  a  particular  spill  may  be  entirely  different  from  those  factors 
used  by  a  spill-cleanup  contractor  or  cooperative  to  decide  what  equipment 
to  keep  on  hand  permanently. 
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1.  Regional  and  Geographical  Considerations 


The  geography,  topography,  and  climate  of  the  region,  as  well  as 
the  commercial,  industrial,  and  cultural  characteristics  of  the  area,  affect 
the  selection  of  debris-handling  equipment. 

Geographical  features  such  as  topography;  presence  of  rivers, 
lakes,  or  woods;  sandy  or  rocky  beaches;  firm  or  marshy  ground;  and  proxim¬ 
ity  to  a  populated  area,  determine  the  accessibility  of  the  spill  area  to 
mechanized  equipment.  They  also  determine  whether  equipment  will  bog  down 
or  cause  extensive  damage  to  the  environment,  and  the  kinds  of  transportation 
available  to  move  equipment  to  the  site.  In  otherwise  Identical  spill  situa¬ 
tions,  heavy  mechanized  equipment  may  be  readily  employed  in  one  situation 
and  impossible  to  employ  in  the  other,  depending  on  geographical  features. 

Spills  occurring  in  heavily  populated  areas,  such  as  New  York, 
Boston,  or  San  Francisco  Harbors,  are  further  complicated  by  the  presence 
of  a  variety  of  commercial  construction  and  materials-handling  equipment 
which  could  be  pressed  into  service  for  debris  handling.  Resort  areas  such 
as  the  Maine  Coast  offer  little  suitable  equipment  readily  available.  The 
availability  of  a  large,  cheap  labor  force  near  major  population  centers  in 
the  form  of  concerned  volunteers,  the  National  Guard,  and  other  military 
reserve  groups,  has  also  been  a  significant  factor  in  determining  how  much 
and  what  kinds  of  mechanized  equipment  to  use. 

Climate  also  influences  the  design  and  selection  of  debris-han¬ 
dling  equipment.  Areas  that  experience  severe  weather  conditions  need  more 
highly  mechanized  debris-handling  equipment  than  areas  of  mild  weather  be¬ 
cause  of  the  limited  ability  of  operating  crews  to  work  in  inclement  wea¬ 
ther.  And  areas  with  frequent  heavy  storms  require  sturdier,  more  seaworthy 
craft. 

These  are  only  a  few  examples  of  the  types  of  general  Information 
about  a  given  area  which  must  be  studied  before  selecting  equipment  designs 
or  techniques  for  debris  handling.  The  person  responsible  for  oil  and 
debris  cleanup  should  be  familiar  with  this  general  information  as  well  as 
information  on  the  particular  physical  characteristics  of  the  area  in  which 
the  spill  occurs. 
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2.  Type  of  Debris 


The  most  Important  factor  in  designing  or  selecting  equipment  for 
debris  handling  is  the  type  of  debris  to  be  handled.  In  the  Pacific  North¬ 
west,  where  logging  is  a  major  industry  and  large  floating  logs  are  common, 
debris-handling  equipment  should  Include  large  grapples  and  cranes  such  as 
are  used  in  regular  logging  operations.  On  the  Maine  Coast,  however,  where 
debris  such  as  eel  grass,  straw,  and  seaweed  predominates,  screens,  wire 
baskets,  or  conveyors  could  be  used.  Many  other  examples  of  how  the  type  of 
debris  affects  performance  requirements  of  debris-handling  equipment  appear 
in  Section  D  of  this  chapter. 

3.  Spill  Size  and  Quantity  of  Debris 

In  some  past  spill  situations,  the  quantity  of  debris  has  been  the 
same  order  of  magnitude  as  the  quantity  of  oil  spilled,  if  large  amounts  of 
oil  are  involved  in  these  situations,  large  quantities  of  debris  are  also 
involved,  and  the  greater  is  the  need  for  mechanized  debris-handling  equip¬ 
ment.  These  spills  require  large  pieces  of  equipment  with  a  rapid  rate  of 
recovery  and  extensive  storage  or  transfer  capability.  Other  factors  afuc' 
ing  the  specific  quantity  of  debris,  such  as  the  normal  concentration  of 
debris  in  the  spill  area,  the  area  covered  by  the  spill,  speed  of  contain¬ 
ment,  winds,  and  currents,  are  discussed  in  Chapter  II. 

4.  Availability  and  Cost  of  Equipment 

The  factors  which  determine  equipment  availability  include  spili 
frequency  and  history  in  the  general  area,  the  location  of  the  equipment, 
deployment  time  to  the  scene  of  the  spill,  method  of  transporting  the  equip¬ 
ment,  assembly  time  on-scene,  and  availability  of  skilled  operator!;. 

Questions  of  single  equipment  item  costs  tend  to  be  secondary, , 
since  speed  is  of  the  essence  in  responding  to  an  oil  spill.  In  general, 
the  more  quickly  oil-  and  debris-recovery  equipment  can  be  put  inLo  s«. r<  ire, 
the  less  costly  will  be  the  total  cleanup  effort.  Over  and  above  the 
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question  of  response  time,  the  costs  of  procuring  and  operating  debris-recov¬ 
ery  equipment  are  determined  by  the  size  and  complexity  of  machinery,  ease 
of  operation  (requirement  for  skilled  operators),  durability  and  reliability, 
on-scene  staying  capability,  power  and/or  fuel  requirements,  and  adaptability 
of  the  equipment  to  other  tasks. 

In  many  areas  of  the  country,  the  major  oil  companies  have  banded 
together  to  form  oil-pollution-response  cooperatives,  such  as  Clean  Bay,  Inc., 
in  the  San  Francisco  Bay  area  and  PICE  Co-op,  in  the  Long  Beach/Los  Angeles 
area.  These  cooperatives  maintain  lists  of  readily  available  equipment  in 
their  areas  for  use  in  oil  spills.  Much  of  this  equipment  is  applicable  to 
the  problem  of  recovering  and  handling  debris.  In  many  other  areas  of  the 
country,  the  Coast  Guard  Contingency  Plans  for  Oil  and  Hazardous  Materials 
and  some  civilian  oil-spill  contractors  maintain  lists  of  readily  available 
equipment  for  coping  with  debris. 

5.  Spill-Cleanup  Techniques 

The  choice  of  spill-cleanup  technique  is  intimately  connected  to, 
and  sometimes  determined  by,  the  choice  of  debris-handling  technique. 

Ideally,  these  two  systems  should  work  together  without  interference.  For 
example,  if  barriers  are  used  to  contain  the  oil  and  oily  debris,  the  debris¬ 
handling  equipment  should  operate  effectively  without  breaching  the  barriers. 
Where  oil  slicks  are  formed,  the  debris-recovery  operation  should  disturb 
the  oil  as  little  as  possible  to  avoid  emulsifying  water  and  oil.  The  total 
effectiveness  of  the  oil/debris  cleanup  effort  depends  on  the  compatibility 
of  the  debris-handling  equipment  with  the  oil-spill  cleanup  system. 

6.  Location  and  Characteristics  of  Spill  Site 

These  factors  include  the  geographical  location  of  the  spill  site; 
the  general  type  of  spill  site  (open  ocean,  major  port,  small  bay,  harbor, 
river);  currents;  tidal  fluctuations;  water  depths;  accessibility  of 
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shore-based  working  sites  (proximity  to  roads,  railroads,  airports,  ship¬ 
ping  terminals);  and  water  traffic  conditions.  There  factors  play  roles  in 
the  selection  of  debris-handling  equipment. 

In  addition,  open-ocean  spills  require  large,  seaworthy  waterborne 
equipment,  whereas  spills  in  rivers  or  near  piers  in  harbors  may  allow 
debris-handling  equipment  to  work  from  shore.  Currents,  tides,  and  water 
depths  may  preclude  the  use  of  waterborne  equipment  entirely.  Remote  areas 
may  require  helicopters  to  transport  personnel  and  equipment. 

7.  Weather  and  Weather-Related  Conditions 


These  factors  consist  of  local  weather  conditions,  such  as  wind, 
rain,  temperature,  and  visibility,  as  well  as  weather-related  conditions, 
such  as  heavy  seas  and  flooding.  Severe  weather  conditions  complicate  the 
oil/debris  recovery  effort  and  may  curtail  operations  entirely.  Heavy  seas 
can  capsize  workboats,  skimmers,  and  other  waterborne  equipment.  Floods 
hot  only  aggravate  the  debris  situation,  but  also  have  been  known  to  carry 
away  oil  and  debris  retention  barriers,  debriB  fences,  and  nets. 

8.  Post-Recovery  Considerations 

Post-recovery  considerations  include  temporary  storage,  proces¬ 
sing  (if  any),  transport,  and  ultimate  disposal  of  oil-soaked  debris.  In 
some  instances,  disposal  of  oily  debris  has  been  the  cleanup  coordinator's 
biggest  problem.  Burnable  oil-soaked  debris  cannot  be  burned  cleanly 
except  in  special  open-air  incinerators,  and  nonbumable  debris  requires 
specially  prepared  disposal  sites  (if  used  for  landfill,  for  instance). 

The  temporary  storage  of  oily  debris  presents  special  problems  because  most 
oil-spill-response  equipment  has  no  provision  for  on-board  storage  of  de¬ 
bris.  Processing  of  oily  debris  at  the  recovery  site,  such  as  mulching  or 
compacting,  would  help  to  reduce  the  volume  required  for  on-board  temporary 
storage  and  transport,  but  there  are  numerous  problems  associated  with  such 
a  proposition. 
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9-  Secondary  Environmental  Effects 


Debris-handling  equipment  should  be  chosen  to  minimize  damage  to 
the  environment  caused  by  operation  of  the  machinery.  It  can  be  argued  in 
many  oil-spill  situations  that  the  damage  caused  to  beaches,  river  banks, 
and  other  shoreline  areas  by  such  heavy  equipment  as  bulldozers,  backhoes, 
and  front-end  loaders,  is  greater  than  the  damage  that  results  from  the  oil 
spill. 


10. Adaptability  to  Marino  - — _r 

In  many  recovery  operations,  equipment  must  be  pressed  into  ser¬ 
vice  which  is  not  normally  used  at  sea  or  in  a  marine  environment.  Such 
equipment  must  be  able  to  be  loaded  aboard  a  ship  or  barge  and  operated 
safely  and  effectively  at  sea. 


- FUNCTIONAL  REQUIREMENTS  OF  DEBRIS-HANDLING  SYSTEMS 

This  subsection  discusses  the  general  functional  requirements  of 
equipment  and  techniques  to  handle  debris  in  oil-spill-cleanup  operations. 
The  topics  discussed  below  form  a  basis  for  evaluating  existing  systems  and 
formulating  design  guidelines  for  new  or  modified  systems. 

1.; _ On-Scene  Functions 

These  considerations  deal  with  how  well  the  piece  of  equipment  or 
system  performs  once  it  is  in  operation  at  the  spill  site. 

a •  Rate  of  Re c over 


This  refers  to  the  rate  at  which  debris  can  be  removed  from  the 
spill  site,  and  is  usually  stated  in  cubic  yards  per  hour,  tons  per  hour, 
or  similar  units.  Obviously,  recovery  rate  should  be  maximized  for  any 
given  piece  of  equipment.  ^ 
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b.  Versatility 


This  describes  the  ability  of  the  equipment  to  operate  efficiently 
in  heavy  concentrations  of  debris;  the  largest,  smallest,  and  heaviest 
piece  of  debris  that  can  be  handled;  and  any  special  problems  associated 
with  certain  types  of  debris,  such  as  rubber  tires;  lumber  with  metal 
spikes  or  fittings;  or  long,  stringy  pieces.  Equipment  should  be  as  versa¬ 
tile  as  possible. 

c.  Temporary  Storage  Capacity 

This  refers  to  the  amount  of  debris  that  can  be  stored  temporarily 
at  the  cleanup  site  without  hindering  cleanup  efforts.  It  includes  storage 
on  board  the  recovery  vessel  Itself  or  on  auxiliary  vessels,  such  as  barges 
and  lighters.  Temporary  storage  capacity  should  be  compatible  with  the 
recovery  rate  and  expected  staying  power  and  trip  time. 

d.  _ Seaworthiness 


This  refers  to  the  ability  of  the  system  to  perform  well  in  severe 
weather  and  weather-related  conditions,  such  as  high  winds,  heavy  seas, 
strong  currents,  floods,  rain,  snow,  or  poor  visibility.  Seaworthiness 
requirements  depend  upon  the  conditions  in  which  the  equipment  is  intended 
to  be  used. 

e.  Compatibility 

'  This  refers  to  design  features  of  debris-handling  equipment  which 
allow  effective  operation  in  conjunction  with  oil  skimmers,  spill  booms, 
sorbents,  etc.,  and  yet  minimize  effects  which  might  hinder  oil-recovery  or 
containment  operations. 
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2.  Deployment  Considerations 

a.  Size 

The  overall  dimensions  of  a  system  or  Item  of  equipment  are  im¬ 
portant  in  determining  its  transportability.  In  the  case  of  equipment 
which  can  be  disassembled  for  transport,  both  the  knocked-down  and  the 
assembled  dimensions  are  significant.  Dimensional  limits  for  highway,  rail, 
and  air  transport  must  be  considered,  depending  upon  the  intended  or  likely 
mode  of  transportation  used. 

b.  Weight 


Weight  is  also  a  prime  factor  in  determining  transportability 
and  applies,  as  above,  to  the  total  system  as  well  as  to  its  component 
parts. 

c.  Complexity 

System  or  component  complexity  here  refers  to  the  ease  of  assem¬ 
bly  on-scene,  ease  of  operation,  and  case  of  deployment  and  recovery  at 
the  spill  site.  Equipment  should  be  as  simple  to  assemble,  deploy,  operate, 
recover,  and  maintain  as  possible. 

d.  Air  Transportabilit\ 

This  includes  all  the  special  requirements  for  air  transport 
including  size,  weight,  resistance  to  vibration  and  shock,  packaging,  haz¬ 
ardous  materials,  and  provisions  for  parachute  delivery. 


e. _ Maneuvers bil  i_tv 


This  refers  specifically  to  the  ability  of  the  equipment  to  be 
maneuvered  (either  on  land  or  water)  at  the  scene,  including  propulsion 
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power,  speed,  draft,  range,  and  ability  to  operate  in  heavy  debris  concen¬ 
trations.  Equipment  should  be  as  maneuverable  as  possible. 

f.  Staving  Time 

This  refers  to  the  length  of  time  the  equipment  can  remain  in 
continuous  operation  without  Interruptions  for  maintenance,  refueling,  etc. 
The  staying  time  should  be  matched  to  the  need  for  crew  shift  changes,  trip 
time,  and  on-board  storage  capacity. 

g.  Effect  on  Environment 


This  refers  primarily  to  land-based  equipment,  such  as  tractors, 
front-end  loaders,  and  backhoes,  which  could  cause  extensive  damage  to  sen¬ 
sitive  areas  onshore  near  spill  sites.  Such  equipment  should  be  designed 
for  maximum  footprint  area  and  minimum  weight  to  minimize  environmental 
damage. 

h.  Trip  Time 

Trip  time  is  the  time  required  for  a  debris-recovery  vessel  to 
return  to  shore,  offload  debris,  and  return  to  the  cleanup  site.  Trip  time 
is  a  function  of  spill-site  location,  vessel  speed  and  maneuverability, 
debris  recovery  rate,  onboard  storage  capacity,  and  offloading  rate. 
Obviously,  a  minimum  trip  time  is  desirable. 

3.  Logistics 

i 

The  logistics  of  debris  recovery  consist  of  all  the  items  of 
equipment,  material,  and  services  required  to  support  the  operation. 
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9.  Auxiliary  Equipment 


Auxiliary  equipment  includes  any  additional  equipment  required  to 
get  and  keep  the  actual  debris-handling  equipment  on  scene,  including  such 
items  as  launching  hoists,  tugboats,  barges,  trucks,  trailers,  electric 
power  generators,  auxiliary  fuel  tanks,  etc.  A  systems  approach  to  design 
should  be  employed  to  minimize  the  number  of  auxiliary  items  required. 

b.  Consumables 


These  include  fuels,  such  as  diesel  oil,  gasoline,  and  kerosene; 
coolants;  lubricants;  hydraulic  fluid;  crew  food  and  water;  and  other  items 
that  are  expended  at  regular  time  intervals.  Equipment  requiring  toxic, 
unusual,  or  hard-to-get  consumables  such  as  boLtled  or  liquefied  gases, 
chemicals,  etc.,  should  not  be  selected. 


c^  Manpower 

This  consideration  includes  skilled  operators,  unskilled  laborers, 
and  supervisory  personnel  on  scene,  as  well  as  coordinat io'".,  communications, 
purchasing,  maintenance,  repair,  and  other  support  personnel  ashore.  The 
availability  of  qualified  manpower  for  all  these  functions  is  often  a  severe 
problem  in  spi 1 1-  re< overy  operations,  and  the  need  for  manpower  in  all  cate¬ 
gories  should  generally  be  minimized. 

d.  Maintenance 

Equipment  maintenance  requirements  include  all  of  the  consumable 
items,  tools,  and  services  periodically  necessary  to  keep  the  equipment  in 
proper  working  order,  such  as  certain  lubricants,  filters,  spark  plugs,  gas¬ 
kets,  seals,  chains,  tires,  etc.  The  need  and  expense  of  such  items  should 
be  minimized,  and  the  equipment  should  be  designed  for  easy  access  to  and 
replacement  of  these  items. 
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e.  Repair 


Equipment  repair  Includes  the  spare  parts,  tools,  and  mechanics' 
services  required  to  repair  damaged  equipment,  plus  consideration  of  the 
speed  with  which  such  repairs  can  be  effected  In  the  field.  The  equipment 
should  be  simple  and  easily  understood  by  normal  shop  maintenance  personnel; 
components  should  be  readily  removed  and  replaced;  materials  should  be 
easily  machined  and  welded;  and  special  technicians  (e.g.,  electronic) 
should  not  be  required. 


D.  CURRENT  PRACTICES  IN  DEBRIS  HANDLING,  TEMPORARY  STORAGE. 

TRANSPORT.  AND  DISPOSAL 

The  following  section  describes  past  and  present  methods  for  coping 
with  waterborne  debris  in  various  situations.  The  information  was  obtained 
from  publications  and  from  personal  and  telephone  interviews  with  people  with 
debris-recovery  experience  at  selected  locations  across  the  United  States. 
Operations  investigated  include  regular,  ongoing  drift-  and  debris-removal 
projects  such  as  are  operated  by  the  Army  Corps  of  Engineers,  and  methods 
used  in  special  circumstances  such  as  floods  and  oil  spills. 

1.  Practices  Used  During  Oil  Spills 

Equipment  and  techniques  which  have  been  used  to  handle  solid  de¬ 
bris  in  oil  .spills  include  a  wide  variety  of  waterborne  and  shore-based 
mechanized  equipment  and  a  great  number  of  manual  techniques.  There  are 
some  common  features  of  all  oil-pollution  incidents,  but  as  a  rule  no  two 
oil  spills  are  the  same.  This  accounts  for  the  wide  variety  of  methods 
which  nave  been  used  to  cope  with  solid  debris  in  different  spills. 

In  some  major  spills,  such  as  the  Oakland  Estuary  spill,  the  San 
Juan  River  spill,  and  the  two  Schuylkill  River  spills,  the  quantity  of  oil- 
soaked  solid  debris  encountered  was  far  greater  than  the  quantity  of  oil 
spilled;  and  cleanup  efforts  were  mainly  problems  of  recovering  anc.  dispos¬ 
ing  of  huge  quantities  of  solid  debris.  In  other  spills,  particularly 
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those  in  the  open  ocean  or  small  spills  which  were  quickly  contained,  very 
little  debris  was  encountered,  and  the ‘debris-handling  problems  were  rela¬ 
tively  minor.  In  certain  areas  of  the  country,  such  as  in  remote  areas  far 
from  large  urban  or  industrial  centers,  little  mechanized  debris-handling 
equipment  is  available.  As  a  result,  debris-handling  techniques  in  these 
areas  consist  almost  entirely  of  manual  efforts  to  pick  debris  out  of  the 
spill,  divert  it  from  skimming  equipment,  and  load  it  by  hand  into  open-top 
barrels.  In  some  instances  no  attempt  is  made  to  recover  oil-soaked  debris, 
and  it  is  simply  left  in  the  water  after  the  oil  has  been  removed. 

There  are  some  general  observations  concerning  debris-handling 
techniques  and  equipment  which  can  be  made  from  past  experiences.  First, 
and  perhaps  most  important,  wherever  feasible  it  is  best  to  contain  the 
spill  as  quickly  as  possible  with  barriers.  Not  only  will  this  help  to 
minimize  damage  to  the  environment  due  to  the  spilled  oil,  but  also  it  will 
reduce  the  amount  of  debris  which  can  become  involved  with  the  oil  and  thus 
reduce  the  requirement  for  handling  oil-soaked  debris. 

When  the  oil  cannot  be  prevented  from  mixing  with  debris,  steps 
should  be  taken  to  keep  debris  out  of  the  oil-recovery  areas,  since  most 
oil-recovery  devices  cannot  operate  effectively  in  water  which  is  heavily 
fouled  with  solid  debris.  This  may  involve  deploying  a  debris  fence  or 
barrier  upwind  or  upstream  of  the  skimming  operation  (such  as  on  the 
Schuylkill),  employing  debr is-recovery  equipment  at  the  oil-recovery  site 
to  keep  that  area  as  clear  of  debris  as  possible,  or  removing  solid  debris 
from  the  water  before  skimming  operations  are  begun.  For  spills  of  lighter 
fuel,  such  as  diesel  fuel,  it  is  particularly  important  to  remove  debris 
before  attempting  recovery,  since  these  fuels  are  best  recovered  by  skim¬ 
ming  equipment  which  is  very  vulnerable  to  debris  damage. 

When  large  amounts  of  debris  are  encountered,  it  is  better  to  get 
some  kind  of  mechanized  equipment  to  the  scene  as  quickly  as  possible  than 
to  rely  on  manual  labor.  Most  mechanized  equipment  can  recover  debris  much 
more  rapidly  than  laborers,  and  the  equipment  will  cost  less  to  operate  in 
the  long  run.  In  addition,  for  severe  debris  situations,  the  equipment 
should  be  as  massive  as  possible.  Some  of  the  rigs  used  for  debris  recovery 
in  the  San  Francisco  Bay  tankers  spill  could  recover  100  to  200  tons  in 
12  hours. 
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There  are  several  important  points  to  consider  when  attempting  to 
use  containment  barriers  in  significant  debris  concentrations.  First,  oil* 
containment  barriers  should  not  be  relied  on  to  contain  oil/debrls  in  strong 
currents.  Even  heavily  constructed  log  booms,  such  as  were  uoed  in  the  San 
Juan  River,  will  part  under  the  heavy  load  of  debris  in  a  current  of  3  to  4 
knots. 

Barriers  can  and  should  be  used  for  diversionary  purposes  to  guide 
oil/debris  out  of  the  swift  current  and  into  quiet  areas  of  rivers  and  harbors 
where  recovery  equipment  can  be  positioned.  Barriers  require  constant  tend¬ 
ing  in  order  to  adjust  for  changing  tidal  currents,  to  catch  and  divert 
patches  of  oil/debrls,  to  keep  "bellies"  from  forming  in  the  barrier  line, 
and  generally  to  insure  that  they  are  operating  properly.  They  should  be  de¬ 
ployed  to  take  advantage  of  natural  currents,  winds,  local  recovery  sites, 
and  other  features  of  the  recovery  area,  especially  those  areas  where  debris 
naturally  accumulates.  When  used  to  contain  oil/debris  in  quiet  waters,  they 
must  be  continually  adjusted  to  concentrate  the  layer  ot  oil/debris  for 
taaximum  effectiveness  of  the  debris-recovery  equipment. 

In  almost  every  major  spill  involving  debris,  there  has  been  a 
lack  of  on-board  storage  capacity  on  waterborne  recovery  systems.  Provisions 
should  be  made  either  to  provide  adequate  storage  containers  for  oily  debris 
on  the  recovery  vessels,  or  to  station  debris  barges  near  the  cleanup  site 
as  was  done  for  the  Coyote  and  Raccoon  in  San  Francisco.  Storage  containers 
for  oil-soaked  debris  must  be  watertight  and  not  affected  by  water/oil/debris 
mixtures. 

Where  waterborne  or  land-based  equipment  cannot  maneuver, 
debris  cleanup  becomes  a  manual  operation,  such  as  along  highly  developed 
shoreline  areas,  under  piers  and  docks,  between  pilings,  in  marinas,  on 
isolated  beaches,  in  very  shallow  water,  and  along  river  banks.  In  some 
situations,  however,  high-pressure  water  hoses  and  propeller  wash  from  power¬ 
ful  boats  can  he  used  to  great  advantage  to  flush  oil/debris  from  confined 
areas  to  where  it  can  be  recovered  by  mechanized  equipment.  In  other  cases, 
where  recovery  of  beached  oil  and  debris  is  not  feasible,  the  oil/debris 
can  be  refloated  with  the  incoming  tide  or  with  hoses  and  maneuvered  to  a 
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aultable  recovery  site  using  containment  barriers,  water  jets,  or  propeller 
wash. 

In  many  major  spills,  huge  amounts  of  straw  and  other  sorbents 
are  broadcast  to  help  minimize  the  effect  of  the  oil  on  the  environment. 

In  many  cases  the  beneficial  effects  of  the  straw  are  partially  negated  by 
allowing  the  oil-soaked  straw  to  foul  the  beaches  or  to  hamper  oil-skimming 
efforts.  As  Indicated  in  the  Santa  Barbara  Channel  spill,  cleanup  of 
beached  oil-soaked  straw  and  debris  requires  a  great  deal  of  mechanized 
equipment  and  manual  labor.  Open-ocean  recovery  of  oil  and  oil-soaked 
straw  and  debris  during  the  Santa  Barbara  Channel  spill  and  others  could 
have  saved  many  man-hours  of  manual  labor  which  were  expended  to  clean  up 
the  beaches,  jetties,  and  marinas.  But  a  system  capable  of  open-ocean  re¬ 
covery  of  oil/debris  has  not  yet  been  fully  developed.  The  straw-recovery 
rigs  used  in  San  Francisco  worked  well  in  the  protected  waters  of  the  Bay, 
but  development  of  a  system  to  efficiently  recover  large  amounts  of  oil/ 
$traw/debris  in  the  open  ocean  would  seem  to  be  advisable. 

Debris  transport  and  disposal  present  another  set  of  unique,  and 
often  major,  problems.  If  a  disposal  site  for  oily  debris  is  not  immediate¬ 
ly  available,  the  temporary  storage  facilities  of  the  debris-recovery  rigs 
will  become  overtaxed  and  the  oil/debris-recovery  operation  will  grind  to 
a  halt.  Likewise,  if  there  are  not  enough  trucks  to  transport  debris  to  a 
disposal  site,  the  recovery  operation  will  be  hampered.  On-scene  burning  of 
oily  debris  would  alleviate  many  disposal  problems,  but  in  past  Instances, 
the  air  pollution  from  burning  was  unacceptable.  On-site  burning  of  oil- 
soaked  debris  utilizing  a  mobile,  forced-air  burner  would  seem  a  viable 
alternative  to  open  burning  or  landfill  disposal. 

As  shown  by  the  two  Gulf  of  Mexico  platform  fires  and  the  San  Cle¬ 
mente  spill,  debris-handling  problems  in  open-ocean  spills  under  normal  con¬ 
ditions  are  often  minimal.  In  cases  like  these,  every  effort  must  be  made 
to  keep  the  oil  from  reaching  beaches  and  protected  water  where  debris  tends 
to  accumulate  in  order  to  circumvent  the  additional  problems  of  recovery  and 
disposal  of  oil-soaked  debris. 
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The  details  of  past  experience  with  debris  in  12  major  oil  spills, 
from  which  the  observations  above  are  drawn,  are  described  in  Appendix  G. 

The  reader  is  referred  to  that  appendix  for  an  in-depth  discussion  of  these 
incidents. 


2.  Snag  Operations  and  Harbor  and  Coastal 
Drift- Removal  Operations 

Snag  operations  and  harbor  and  coastal  drift-removal  programs 
throughout  the  United  States  were  researched  during  the  study.  These  pro¬ 
grams  are  described  in  detail  in  Appendix  H.  Snag  operations  are  conducted 
by  the  Corps  of  Engineers  to  remove  hazards  to  navigation  from  navigable 
waterways.  The  drift-removal  programs  are  run  by  the  Corps,  various  state 
authorities,  port  authorities,  and  other  local  agencies  to  remove  hazards 
to  navigation,  for  aesthetic  purposes,  and  to  reduce  fire  hazards  in  harbors. 

Much  of  the  equipment  used  in  these  operations  (especially  the 
drift-removal  operations)  has  been  and  can  be  used  successfully  for  debris 
removal  from  oil  spills.  The  large  debris-recovery  vessels  used  by  the 
Corps  have  been  especially  successful  in  debris  removal  from  spills.  In  the 
San  Francisco  Bay  Chevron  tanker  spill  and  the  Oakland  Estuary  spill,  the 
Corps'  vessels.  Coyote  and  Raccoon,  played  Important  parts  in  the  spill  re¬ 
covery.  Vessels  used  for  port  drift  cleanup  have  also  been  used  effectively 
for  removal  of  drift  from  oil  spills.  The  reader  is  referred  to  Appendix  H 
for  detailed  descriptions  of  this  equipment. 

3.  Other  Debris-Recovery  Operations 

Regular  drift  removal  operations  are  conducted  on  several  reser¬ 
voirs  in  the  United  States.  These  operations  are  described  in  detail  in 
Appendix  I.  These  drift-removal  activities  remove  trees,  parts  of  trees, 
cut  logs,  and  other  logging  debris  from  the  reservoirs  to  allow  recreational 
use  of  the  lakes  and  to  minimize  damage  to  hydroelectric  facilities.  Some 
of  the  equipment  used  in  these  activities,  si  ch  as  the  log-rake  crane  attach¬ 
ment  described  in  Appendix  I,  could  be  used  to  advantage  in  oil-spill  opera¬ 
tions. 


63 


E.  POTENTIALLY  USEFUL  EQUIPMENT 


This  section  examines  new,  untested  pollution-response  equipment 
designed  to  cope  with  debris,  and  equipment  currently  being  used  in  industries 
unrelated  to  oil-pollution  control.  The  equipment  from  unrelated  Industries 
was  evaluated  to  determine  its  possible  usefulness  for  debris  handling, 
transport,  temporary  storage,  and  disposal.  Many  types  of  equipment  used  in 
the  construction,  materials  handling,  and  logging  industries,  and  other 
fields,  show  promise  for  spill-operation  work. 

1.  New  Developments  in  Pollution-Response  Equipment 


a.  Rheinwerft 


This  firm  in  West  Germany  has  developed  a  catamaran-type  anti- 
pollution  barge  that  is  shown  in  Figures  2  and  3.  The  design  is  notable  in 
that  it  coptines  debris  handling  and  storage  capability  with  oil-skimming 
and  temporary  storage  functions.  Debris  is  recovered  by  the  front-end¬ 
loading  rake  and  dumped  into  debris  containers  which,  when  full,  can  be 
floated  and  towed  alongside  or  picked  up  by  a  crane.  The  craft  would  be 
well  suited  to  small  spills  involving  a  moderate  amount  of  debris,  but  its 
limited  on-board  debris  storage  capacity  of  12  tons  when  fitted  with  three 
containers,  would  hamper  its  effectiveness  in  a  major  debris  situation. 

There  also  appears  to  be  no  provision  for  off-loading  the  floating  containers 
onto  an  auxiliary  barge  or  onto  land  without  floating  the  containers  on  the 
surface  and  backing  down  the  catamaran,  an  operation  which  would  require 
very  calm  water. 

b.  JBF  DIP  Skimmer/Mulcher 


JBF  Scientific  Corporation,  of  Burlington,  Massachusetts,  is  cur¬ 
rently  conducting  research  tests,  under  contract  to  the  Civil  Engineering 
Laboratory  of  the  U.  S.  Navy,  to  determine  the  feasibility  of  incorporating 
a  debris-handling  system  into  its  DIP-3001  series  self-propelled  oil  skimmers. 
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FIGURE  2.  RHEINWERFT  WATER  MOF,  PLAN  VIEW 


Longsschntt  Mitte 
Section  center  line 


FIGURE  3.  RHEINWERFT  WATER  MOP,  CENTERLINE  SECTION ^ 


The  added  system  components  would  consist  of  a  oulcher  or  grinder  such  as 
the  May-O-Rotor  of  Gorator,  mounted  in  the  skimmer's  oil-collection  well  to 
mechanically  grind  or  mulch  pieces  of  solid  debris  into  relatively  small 
particles  (1  to  1-1/2-inches  in  diameter)  which  could  then  be  pumped  along 
with  the  oil  or  oil/water  mix  into  temporary  storage  tanks.  The  pumps  to  be 
used  are  flexible,  progressing  cavity  pumps  manufactured  by  the  Moyno  Company 
and  can  easily  pump  liquid/solid  sludge  with  up  to  50  percent  solid  particles. 

c.  MARCO 


The  MARCO  Pollution  Control  Corporation  of  Seattle  designs  and 
manufactures  oil-recovery  systems,  and  two  of  their  designs  incorporate  de¬ 
bris-handling  features.  The  Class  3  Oil  Recovery  System  is  a  57-foot  6-inch 
twin-screw  catamaran  equipped  with  twin  oil/debris-recovery  conveyor  belts 
mounted  between  the  hulls.  The  first  set  of  conveyor  belts  1b  of  an  oleophilic 
material  which  recovers  oil  and  debris  from  the  water.  The  debris  is  dumped 
onto  a  second,  porous  set  of  belts  while  the  oil  is  squeezed  off  the  first 
belt  by  rollers  into  an  oil/water  separator.  The  solid  debris  is  carried  by 
the  second  .net  of  heits  to  a  disposable  trash  container  farther  aft.  Full 
specifications  of  rhe  system  are  given  in  Figure  4.  As  seen  in  these  draw¬ 
ings,  a  hydraulic  boom  crane  for  handling  large  items  of  debris  can  be 
mounted  forward  on  one  side  of  the  catamaran  or  aft  on  the  centerline. 

MARCO's  Class  2  Oil  Recovery  System  is  a  40-foot  self-propelled 
catamaran  similar  to  the  Class  3,  but  with  a  single  set  of  recovery  belts. 

The  Class  2  is  designed  primarily  for  operation  in  protected  water  and  can 
be  operated  in  water  less  then  3  feet  deep.  Twin  diesels  with  water-jet 
propulsion  plus  optional  bow  thruster  jets  give  the  craft  excellent  maneuver¬ 
ability  and  a  cruise  speed  of  about  10  knots.  High-pressure  water-spray 
barriers  can  be  deployed  for  herding  oil  and  small  categories  of  debris  into 
the  recovery  belts.  Debris  from  the  conveyor  belt  can  be  loaded  into  a 
special  buoyant  trash  bag,  which  can  be  stored  on  board  or  dropped  over  the 
side  for  later  pickup.  A  debris-handling  davit  crane  can  be  mounted  aft,  as 
shown  in  Figure  5,  to  augment  the  belt  recovery  system.  The  Class  2  System 
can  be  transported  aboard  a  standard  40-foot  flatbed  trailer  and  can  be  air¬ 
lifted.  Full  particulars  are  given  in  Figure  5. 
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PARTICULARS 


LOA  —  57  •  6” 
BEAM  —  23'  6" 


DRAFT  —  y  10"  MPTT 
6*  9"  LOADED 

DISP.  —  35  TONS 

PROPULSION  —  TWIN  "CAT"  3160 

DIESELS  (RATED  210  HP 
EA.)  WITH  HAMILTON 
1312  JETS 

PUMPS  —  TWIN  250  GFM  GRINDING  TYPE 
WITH  SCREW  FEED 

OIL  STORAGE  —  90  BARRELS 


FIGURE  4.  MARCO  CLASS  3  OIL  RECOVERY  SYSTEM  ^ 
(1)  Courtesy  MARCO,  Seattle,  Washington. 


PARTICULARS 


LOA  —  39'  10" 

BEAM  —11'  10" 

DRAFT  —  20"  EMPTY 
27"  LOADED 

WEIGHT  ~  10  TONS 

PROPULSION  —  TWIN  "CAT"  3160  DIESELS  (RATED 
210  HP  EA.)  WITH  HAMILTON  1313 
JETS 

PUMPS  —  TWIN  250  GPM  GRINDING  TYPE 
OIL  STORAGE  —  28  BARRELS 


FIGURE  r>.  MARCO  Ci.ASS  2  Oil.  RECOVERY  SYSTEM 


(1)  Courtesy  MARCO,  St_.il  t  K  ,  Wash  ii  ct  -  n  . 


d.  Mop- Cat 


Oil  Recovery  Systems,  Incorporated,  of  Mlneola,  New  York,  has 
deslgnr  ]  a  debris-pickup  accessory  for  its  Mop-Cat  water-jet-driven,  catama¬ 
ran-type  oil-recovery  vessel.  As  shown  in  Figure  6,  the  rectangular,  two- 
sectlonal,  floating  debris  container  fits  between  the  catamaran  hulls  and 
Is  capable  of  holding  120  cubic  feet,  or  10,000  pounds  of  debris.  The  manu¬ 
facturer  claims  that  the  debris  container  is  specifically  designed  to  mini¬ 
mize  n.r  .'ug  of  debris  from  water  to  shore,  presumably  by  hoisting  the 
floe  ■ jntainer  by  crane  directly  onto  a  truck. 

2.  Potentially  Useful  Equipment  From  Areas 
Unrelated  to  Oil  Spills 

One  of  the  goals  of  this  study  was  to  identify  and  evaluate  equip¬ 
ment  from  areas  unrelated  to  oil-spill-recovery  operations  that  might  have 
application  for  debris  recovery,  handling,  temporary  storage,  or  disposal. 

The  detailed  information  concerning  this  equipment  is  given  in  Appendix  J. 

Equipment  areas  researched  include 

(1)  Logging  and  lumbering  equipment 

(2)  Materials  handling  equipment 

(3)  Materials  processing  equipment 

(4)  Solid  waste  disposal  equipment 

(5)  Agricultural  equipment 

(6)  Construction  and  demolition  equipment 

(7)  Dredging  equipment 

(8)  Fishing  industrv  equipment. 

Equipment  from  the  construction  and  demolition  industries  such  as 
cranes,  backhoes,  skiploaders,  and  dump  trucks  has  been  and  will  be  used 
successfully  in  oil  spills  for  handling  debris.  On-scene  burning  equipment 
from  the  solid  waste  disposal  industry  appears  to  have  great  promise  for 
debris  disposal  in  oil  spills.  Logging  and  lumbering  equipment  such  as 
grapples  and  mulchers  also  shows  promise  for  debris-handling  activities. 

Some  equipment  used  for  materials  handling  and  processing  such  as  conveyors 
and  shredders  could  be  useful  for  debris  handling.  So™ie  fishing  equipment 
such  as  shr imp-r rawl ing  rigs  could  be  adapted  to  debris-collection  activi¬ 
ties.  Dredging  equipment  was  not  determined  to  be  useful  for  debris  handling. 
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(1)  Courtesy,  Oil  Recovery  Systems,  Inc.,  Mineola,  New  York. 


The  equipment  described  above  and  in  Appendix  J  generally  needs 
adaptation  and  further  development  befojre  it  could  be  used  in  spills.  With 
further  development,  much  of  the  equipment  evaluated  could  add  efficiency 
to  debris-related  operations. 


F.  EVALUATION  AND  RECOMMENDATION  OF  DEBRIS-HANDLING  METHODS 


Debris-handling  requirements  were  subdivided  into  eight  separate 
and  distinct  functions  to  more  meaningfully  evaluate  the  effectiveness  of 
equipment  or  techniques  to  cope  with  debris  in  an  oil  spill.  These  are 

(1)  Containment/diversion 

(2)  Recovery  of  floating  debris 

(3)  Removal  of  debris  from  beaches  or  shorelines 

(4)  Temporary  on-scene  storage 

(3)  Processing 

(6)  Transfer 

(7)  Transport  to  disposal  site 

(8)  Disposal 

The  contalnment/diversion  function  refers  to  the  containment  or 
diversion  of  floating,  scattered  debris;  patches  of  mixed  oil  and  debris, 
windrows  of  oil-soaked  debris,  etc.  Containment  is  entrapping  or  encircling 
waterborne  debris  and  may  involve  artificial  or  natural  barriers  or  areas 
where  debris  tends  to  collect  naturally.  Diversion  involves  the  use  of  some 
artificial  barrier  or  force  to  direct  floating  debris  to  an  area  where  it 
can  be  more  easily  contained,  concentrated,  and  recovered. 

Recovery  of  floating  debris  refers  to  picking  debris  up  off  the 
surrace  of  the  water.  Removal  of  debris  from  beaches  or  shorelines  considers 
picking  up  the  oil-soaked  debris  from  sand,  gravel,  or  rocky  beaches;  from 
jetties  and  breakwaters;  and  from  other  shoreline  areas. 

Temporary  on-scene  storage  is  the  temporary  storage  of  oil-soaked 
debris  at  or  near  the  site  o<  debris-recovery  operations  prior  to  disposal. 
This  may  include  storage  on  board  oil-or  debris-recovery  vessels,  on  auxili¬ 
ary  vessels  such  as  barges,  or  on  nearby  shore  areas. 

Processing  of  debris  is  anything  which  is  done  to  the  recovered  or 
removed  oil-soal  d  debris  to  alter  its  characteristics  in  order  to  (1)  make 
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it  easier  to  handle,  (2)  reduce  on-scene  storage  requirements ,  or  (3)  make 
it  easier  to  dispose  of.  Processing  involves  such  things  as  grinding, 
mulching,  compacting,  cutting,  or  sawing  large  items  into  —Her  pieces. 

Transfer  refers  to  moving  the  recovered  debris  from  one  vessel  to 
another,  or  from  one  vessel  to  shore.  It  may  involve  moving  the  debris  from 
a  recovery  vessel  to  a  temporary  storage  vessel,  from  temporary  storage  to 
shore,  from  temporary  storage  to  a  disposal  area,  or  similar  operations. 

Transport,  on  the  other  hand,  refers  to  moving  the  debris  relative¬ 
ly  long  distances  to  a  (usually)  remote  disposal  site.  This  may  be  by  truck, 
rail,  or  water  transportation. 

The  disposal  function  involves  the  various  methods  used  or  recom¬ 
mended  for  ultimate  disposal  of  oil-soaked  debris  or  oil/debris  mixes.  The 
most  coranon  method  of  disposal  is  landfill  dumping,  but  such  things  as  con¬ 
trolled  burning,  incineration,  and  recycling  of  waste  materials  are  included. 

— — Debris-Handling-Met hod  F.v.,i„ation  and  Recommendation  Tables 

Appendixes  K  through  R  contain  tables  which  list  and  evaluate  the 
methods  that  could  be  or  have  been  u  _d  to  satisfy  the  eight  debris-handling 
functions  described  in  the  previous  section.  Appendix  K  lists  the  contain¬ 
ment/diversion  function,  Appendix  L  the  recovery  function,  etc.  Methods 
that  have  been  used  in  previous  spill  situations  are  also  identified. 

The  format  used  in  these  tables  was  developed  to  present  the  infor¬ 
mation  in  as  compact  a  space  as  possible.  After  reviewing  all  the  informa¬ 
tion  accumulated  during  the  program  regarding  the  state  of  the  art  in  debris 
handling,  as  well  as  information  concerning  new  developments  in  oil-pollu¬ 
tion-response  equipment  and  potentially  useful  equipment  from  other  indus¬ 
tries,  a  list  of  equipment  types  or  techniques  applicable  to  a  given  debris- 
handling  function  was  generated.  The  individual  items  on  the  list  comprise 
the  heading  of  the  vertical  columns  on  the  tables,  corresponding  to  the 
appropriate  functions.  The  debris  categories  formulated  in  Chapter  II  of 
this  report  are  the  headings  for  the  horizontal  lines  on  each  table.  Each 
table  is  a  matrix  relating  applicable  equipment  and/or  techniques  to  debris 
categories  for  a  given  debris-handling  function. 
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To  more  meaningfully  relate  applicable  equipment  and  techniques  to 
debris  categories,  the  tables  for  contalnment/diverelon  and  for  recovery  of 
floating  debris  are  subcetegoried  according  to  situatione  determined  by  winds, 
waves,  current  conditions,  end  other  factors.  Thus,  for  the  containment/ 
diversion  function  there  are  four  separate  tables  corresponding  to  four 
distinct  situations;  and  for  the  recovery  of  floating  debris  there  are  five 
separate  tables  corresponding  to  five  distinct  situations.  These  distinc¬ 
tions  are  explained  more  fully  in  subsequent  portions  of  text. 

The  effect  of  the  quantity  of  debris  encountered  in  an  oil  spill 
has  not  been  evaluated  directly  in  thu  formulation  of  these  tables  because 
it  was  felt  that  debris  category  and  other  factors  involving  the  debris  sit¬ 
uation  were  the  more  significant  factors.  For  example,  the  fact  that  large, 
general  wood  items  such  as  logs,  telephone  poles,  etc.,  are  encountered  in 
a  given  situation  requires  that  a  piece  of  equipment  capable  of  recovering 
large  wood  items  be  used,  whether  there  are  10  logs  or  1,000. 

Some  functions  are  more  sensitive  lo  1 1,  quantity  of  debris  involved 
than  others.  Temporary  storage  requirements  are  directly  related  to  the 
quantity  of  debris,  but  they  are  also  strongly  affected  by  the  debris  cate¬ 
gories  involved.  In  general,  it  can  be  said  that  the  more  debris  is  encount¬ 
ered,  the  larger  the  capacity  or  the  greater  the  number  of  storage  containers 

will  be  required. 

For  most  debris-handling  functions,  this  principle  applies:  the 
type  of  equipment  or  technique  best  suited  to  a  given  function  is  determined 
primarily  by  the  debris  category  and  certain  other  factors  such  as  debris 

concentration,  current  strength,  and  wave  height.  The  quantity  of  debris 

involved  generally  determines  how  many  pieces  of  equipment  should  be  used. 

2.  Discussion  of  Methods  of  Satisfying  Function  Requirements 

The  following  section  discusses  the  methods  described  in  Appendixes 
K  through  R  for  satisfying  the  debris-handling-function  requirements. 
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Preceding  page  blank 


a.  Containment /Diver lion 


In  tuny  oil  spills,  recovery  of  spilled  oil  and  floating  debris 
can  only  be  accomplished  after  the  oil  and/or  debris  is  contained  and  con¬ 
centrated  by  a  barrier.  This  is  usually  accomplished  by  containing  the  oil/ 
debris  within  an  artificial  barrier,  such  as  an  oil-containment  barrier  or 
log  boom,  or  diverting  the  oll/debrls  into  natural  catch  basins  or  calm- 
water  areas  such  as  coves,  boat  slips,  locks,  or  sharp  bends  in  a  channel. 

In  some  cases,  the  same  barriers  used  for  oil  containment  are  suitable  for 
debris  containment;  but  in  many  cases  a  separate  debris  barrier  should  be 
used  to  prevent  damage  to  oil-recovery  equipment  and  to  allow  separate  recov¬ 
ery  of  debris  and  oil. 

(1)  Situation  I.  Protected  water;  current  less  than  1/2  knot. 

This  situation  was  chosen  because  it  is  a  very  common  one  in  harbors,  ports, 
marinas,  small  bays,  and  other  protected-water  areas;  and  because  containment 
is  relatively  easy  in  these  conditions.  Most  commercially  available  oil 
containment  barriers  are  capable  of  containing  many  categories  of  debris 
under  these  conditions,  and  some  particularly  sturdy  oil  barriers  will  con¬ 
tain  virtually  all  categories  of  debris.  There  are  several  other  acceptable 
alternatives,  but  note  that  the  most  highly  recommended  method  of  containment 
is  the  utilization  of  natural  debris-collecting  areas  (see  Appendix  K) . 

(2)  Situation  II.  Protected  water;  current  up  to  about  2  knots. 
This  situation  is  also  fairly  common  in  many  harbors,  rivers,  ports,  and 
protected  bays.  The  upper  limit  of  approximately  2  knots  was  chosen  because 
very  few  oil-containment  barriers  are  effective  in  containing  oil  or  debris 
in  currents  this  swift.  Note  that  many  other  containment  or  diversion 
methods  are  ineffectual  in  currents  up  to  2  knots,  including  high-pressure 
water  hoses,  propeller  wash  from  small  boats,  air-bubble  barriers,  and  air 
jets.  There  are  still  several  acceptable  methods  of  containing  or  diverting 
debris  in  this  situation,  but  again  the  utilization  of  natural  debris-collect¬ 
ing  areas  is  the  most  highly  recommended. 
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(3)  Situation  III.  Protected  water;  currents  up  to  6  knots. 

This  situation  Is  found  In  soae  bays,  rivers,  harbors,  and  estuaries;  and  It 
seeas  to  represent  an  upper  limit  for  tiost  kinds  of  containment  or  diversion 
aethoda.  At  6  knots,  containment  of  debris  is  extremely  difficult  and  can 
be  accoapllshed  only  by  the  sturdiest  cable-reinforced  wire-mesh  or  chain- 
link  fences  or  barriers.  Some  large  log  booms  can  be  used  for  diversion, 
but  they  are  not  particularly  effective  for  containment.  Again,  the  prefer¬ 
red  method  is  to  divert  debris  into  calmer,  natural  collecting  areas. 

(4)  Situation  IV.  Debris  concentrations  in  the  open  ocean  tend 
to  be  orders  of  magnitude  lower  than  in  protected  waters.  The  containment/ 
diversion  of  debris  becomes  mainly  a  matter  of  protecting  oil-recovery  equip¬ 
ment  rather  than  of  handling  debris.  If  significant  concentrations  of  debris 
were  encountered  in  the  open  ocean,  the  most  acceptable  method  of  containment 
would  be  to  use  a  porous  wire-mesh-  or  chain-link-fence-type  barrier.  Some 
oil-containment  barriers  are  also  acceptable  for  containing  or  diverting 
certain  categories  of  debris. 

b.  Recovery  of  Floating  Debris 

This  function  is  subdivided  into  separate  situations  depending 
upon  whether  the  debris  is  contained  and  concentrated  by  a  barrier,  whether 
the  debris  is  in  open  ocean  or  protected  water,  and  whether  the  debris  is 
in  very  shallow  water.  These  situation  factors  were  chosen  because  thev 
along  with  debris  category  and,  to  some  extent,  quantity  of  debris  enrourt  • 
ered,  determine  which  recovery  methods  are  most  suitable. 

It  is  significant  that  there  is  no  one  method  in  Appendix  L  tha' 
is  preferred  for  all  debris  categories  for  any  particular  situation.  Tlu.s 
means  that  no  single  type  of  equipment  is  recommended  for  all  debris  caie- 
gories  in  a  given  situation.  The  most  effective  system  for  recovery  of 
floating  debris  would  consist  of  several  types  of  recovery  equipment  such  as 
a  log  grapple,  a  wire-mesh  basket  on  a  crane,  and  a  debris  conveyor — all 
mounted  on  one  vessel. 
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(1)  Situation  I.  In  this  situation  the  debris  is  in  protected, 
navigable  waters  and  is  contained  by  an  artificial  or  natural  barrier.  The 
debris  nay  be  near  shore  so  that  recovery  equipment  can  be  mounted  on  a 
waterborne  veaael  or  operated  from  a  shore,  pier,  or  bridge.  There  is  little 
or  no  current  at  the  actual  recovery  site. 

This  is  a  common  situation  in  many  oil  spills.  The  fact  that  the 
debris  is  contained  means  that  recovery  devices  which  can  operate  from  a 
stationary  platform  and  pick  up  debris  over  the  top  of  a  containment  barrier 
are  at  an  advantage  compared  to  those  devices  which  require  forward  motion 
of  a  vessel  to  pick  up  debris.  Thus,  crane-mounted  baskets,  dragline  buckets, 
and  grapples  are  more  highly  recommended  than  such  equipment  as  front-end- 
loading  baskets,  nets  between  catamaran  hulls,  or  baskets  hung  in  place  over 
the  side  or  bow  of  a  vessel.  It  is  significant  that  there  are  several  basic 
types  of  equipment  which  are  considered  at  least  acceptable  for  all  categor¬ 
ies  in  this  situation  and  are  highly  recommended  for  many  categories. 

(2)  Situation  II.  The  debris  is  in  protected,  navigable  water; 
but  it  is  not  contained  by  any  barriers  and  is  usually  found  scattered  or 
floating  in  patches  or  windrows.  The  currents,  winds,  and  wave  heights  are 
variable.  In  this  case  the  equipment  must  either  be  mounted  permanently  on 
a  suitable  vessel  or  be  mounted  temporarily  on  a  vessel  of  opportunity  such 
as  an  LCM,  LCU,  a  barge,  etc. 

This  situation  favors  the  type  of  equipment  which  is  highly  maneu¬ 
verable  and  which  collects  debris  as  it  moves  through  the  water,  such  as  a 
front-end-loading  basket  on  the  bow  of  a  debris  boat  or  debris  nets  between 
catamaran  hulls.  Other  items  such  as  grapples,  clamshell  buckets,  dragline 
buckets,  etc.,  ire  not  as  well  suited  to  this  situation,  because  the  debris 
is  not  concentrated  in  one  area.  It  is  significant,  however,  that  a  debris 
basket  mounted  on  an  articulated  hydraulic  crane  is  highly  recommended  for 
most  debris  categories  in  this  situation  as  well  as  in  Situation  I.  Manual 
techniques  for  debris  recovery  in  this  situation  are  not  recommended. 
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(3)  Situation  III.  This  la  an  opsn-ocean  altuatlon  with  the  de¬ 
brie  contained  by  artificial  barrlara. .  Aa  in  the  previoua  altuatlon,  the 
equipment  can  be  either  permanently  mounted  on  a  aultable  vessel,  or  tempo¬ 
rarily  mounted  aboard  a  suitable  vesael  such  as  an  LCM,  LCU,  barge,  etc. 

This  la  similar  to  Situation  I,  except  that  the  vessels  upon  which  the  recov¬ 
ery  equipment  is  mounted  must  be  seaworthey  enough  to  operate  in  moderate 
seaa  In  the  open  ocean.  This  rules  out  the  use  of  debris  nets  between  cata¬ 
maran  hulls,  because  operators  of  this  type  of  vessel  do  not  consider  them 
suitable  for  open-ocean  operations. 

For  safety  reasons,  manual  techniques  are  considered  acceptable 
for  certain  debris  categories  only  under  extremely  calm  conditions.  It  is 
significant  that  the  most  highly  rated  types  of  equipment  in  this  situation 
are  basically  the  same  as  for  Situation  I. 

(4)  Situation  IV.  This  is  an  open-ocean  situation  which  involves 
scattered,  uncontalned  debris  similar  to  Situation  II.  Again,  the  recovery 
equipment  may  be  permanently  mounted  on  a  suitable  vessel  or  temporarily 
mounted  on  a  seaworthy  vessel  of  opportunity  (LCM,  LCU,  barge,  etc.). 

As  in  Situation  II,  this  situation  favors  equipment  which  is  highly 
maneuverable  and  can  gather  debris  as  it  moves  through  the  water.  Debris 
nets  between  catamaran  hulls  are  again  ruled  out,  and  grapples,  clamshell 
buckets,  and  conveyors  are  at  a  disadvantage  because  of  the  scattered  nature 
of  the  debris.  Manual  recovery  techniques  are  considered  unacceptable  for 
safety  reasons  and  because  of  the  scattered  debris  situation. 

A  good  example  of  a  suitable  open-ocean  recovery  system  is  the  Rig 
Engineer  described  in  the  summary  of  the  San  Francisco  Bay  Chevron  tankers 
collision. 


(5)  Situation  V.  In  this  case  the  debris  is  found  in  very  shallow 
water  (1  to  2  feet),  such  as  in  the  intertidal  zone  in  bays,  harbors,  marshes, 
or  perhaps  along  open-ocean  beaches.  In  many  parts  of  the  country  this  is 
the  area  where  debris  concentrations  are  the  most  severe.  The  debris  may  be 
scattered  or  contained  by  artificial  barriers. 


This  is  a  special  situation  where  the  water  depth  precludes  the 
use  of  large  vessels  and  barges;  and,  therefore,  recovery  equipment  must  be 
either  capable  of  being  operated  in  shallow  water  or  mounted  on  amphibious 
vehicles  such  as  surplus  DUKW's  or  LARC's  which  are  capable  of  operating  on 
land  as  well  as  on  water. 

Much  of  the  equipment  which  can  be  used  successfully  in  deep  water 
is  at  a  disadvantage  in  this  situation  because  it  requires  sufficient  water 
depth  to  be  able  to  get  under  the  floating  debris  and  lift  it  out.  Clamshell 
buckets,  grapples,  and  dragline  buckets  can  be  used  with  some  success;  and 
manual  recovery  techniques,  although  not  highly  recommended,  are  acceptable 
for  some  debris  categories.  In  general,  though,  there  is  no  highly  recom¬ 
mended  method  for  recovering  debris  from  very  shallow  water. 

In  the  past,  most  oil  and  oil-soaked  debris  which  found  its  way 
into  very  shallow  water  was  allowed  to  come  up  on  the  shore  where  beach 
cleanup  techniques  were  employed.  This  method  results  in  severe  contamina¬ 
tion  of  shoreline  areas,  and  further  research  into  the  development  of  equip¬ 
ment  for  shallow-water  recovery  of  oil/debris  is  strongly  recommended. 

.  Beach  Recovery 

A  comprehensive  discussion  of  the  problem  of  recovery  of  debris 
from  beach  or  shoreline  is  beyond  the  scope  of  this  report,  but  the  general 
topic  is  included  because  it  Is  usually  a  major  part  of  any  spill  cleanup 
operation.  A  stable  sand,  gravel,  or  rocky  beach  is  the  only  type  of  situa¬ 
tion  presented  in  the  tables  since  this  is  the  kind  of  situation  in  which 
heavy  equipment  can  be  used  with  minimal  damage  to  the  environment.  There 
are  other  situations  in  which  debris  must  be  recovered  from  shorelines,  but 
which  involve  either  environmentally  sensitive  areas  sucli  as  marshlands, 
wooded  river  banks  and  flood  plains,  mangrove  swamps,  etc.,  where  heavy 
equipment  should  not  be  used;  or  areas  such  as  jetties,  breakwaters,  and 
rip-rap  along  shore  where  the  debris-recovery  operation  is  necessarily  a 
hand-picking  proposition.  There  are  also  areas  where  heavy  equipment  could 
be  used,  but  which  are  inaccessible. 
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For  nearly  all  debris  categories,  front-end  loaders  seem  to  be 
best  suited  for  recovery  of  debris  from  beacbts.  They  are  readily  available 
throughout  the  country,  come  in  a  vide  variety  of  sizes  and  loading  capaci¬ 
ties,  can  be  equipped  with  a  number  of  other  accessories  such  as  backhoes, 
trash  rakes,  hydraulic-boom  cranes  with  grapples,  etc.,  and  can  be  fitted 
with  special  tires  or  tracks  to  minimize  wheel  damage  to  the  environment. 
Front-end  loaders  are  limited  in  their  ability  to  handle  very  large  logs, 
telephone  poles,  pilings,  etc.,  but  cranes  with  log  grapples  or  some  log 
loading/ stacking  equipment  could  be  used  for  these  large  items.  Front-end 
loaders  work  best  if  beached  debris  is  first  raked  or  gathered  into  piles 
or  rows  for  easy  pickup,  and  this  may  involve  the  use  of  modified  road  grad¬ 
ers,  bulldozers  for  particularly  large  pieces,  or  manual  labor. 

An  excellent  source  of  information  on  the  use  of  heavy  equipment 
for  beach  cleanup  and  restoration  is  the  EPA  report,  "Evaluation  of  Selected 
Earthmoving  Equipment  for  the  Restorarion  of  Oil-Contaminated  Beaches",  by 
James  D.  Sartor  and  Carl  Foget  of  URS  Research  Company,  San  Mateo,  Calif  or- 

Recovery  of  debris  from  shoreline  areas  which  are  easily  damaged 
by  heavy  equipment  has  traditionally  been  a  manual  operation,  although  in 
some  cases  horse-drawn  equipment  has  been  used.  This  is  an  area  where  fur¬ 
ther  research  efforts  should  be  directed.  Vehicles  equipped  with  large,  low- 
pressure,  balloon  tires  should  be  investigated  as  possible  mounting  platforms 
for  debris-handling  equipment. 


Temporary  On-Scene  Storage 


Current  and  past  practices  in  oil  spills  indicate  that  temporary 
storage  of  recovered  debris  has  been  accomplished  basically  by  whatever  means 
have  been  available  at  the  time,  with  little  consideration  given  to  ease  of 
handling,  prevention  of  leakage,  or  the  need  for  further  handling  of  oil- 
soaked  debris  during  subsequent  transfer,  transport,  and  disposal  operations. 

(1)  Sartor,  James  D.  and  Carl  Foget,  "Evaluation  of  Selected  Earthmoving 

Equipment  for  the  Restoration  of  Oil-Contaminated  Beaches",  URS  Research 
Company,  San  Mateo,  California  (October  1970). 
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Steel  55-gallon  drums  have  been  used  extensively,  but  they  are  difficult  to 
handle  even  when  half  full  of  oll/debrls.  Plastic  trash  bags,  metal  or  plas¬ 
tic  trash  cans,  and  wooden  crates  and  boxes  are  similarly  unsuitable  for 
medium  and  large  categories  of  debris  and  require  considerable  manual  handl¬ 
ing  in  subsequent  transfer  and  transport  operations.  These  Items  are  marked 
acceptable  for  some  debris  categories,  because  they  are  well  suited  for 
small-spill  situations  and  are  cheap  and  readily  available.  They  are  not 
recomsended  for  situations  in  which  significant  amounts  of  debris  can  be 
expected. 

Temporary  storage  in  the  bottoms  and  on  the  decks  of  workboats,  on 
scow  barges,  and  on  flat  barges  is  acceptable  in  most  situations  but  requires 
further  handling  of  debris  during  transfer  operations. 

The  most  highly  rated  methods  for  storage  are  standard  steel  trash 
containers  and  dump  trucks  or  trash  trucks  which  can  be  mounted  on  barges 
or  other  vessels  of  opportunity.  These  containers  are  suitable  for  all  ca¬ 
tegories  of  debris  except  extremely  large  items,  and  they  minimize  the  need 
for  additional  handling  of  debris  in  subsequent  transfer  and  transport  opera¬ 
tions.  Standard  trash  containers  can  be  easily  off-loaded  by  cranes,  and 
trucks  can  simply  be  driven  off  the  vessel  to  shore.  Trash  containers  are 
readily  available  in  most  urban  areas  in  the  following  sizes  and  capacities: 


Dimension, 


x  length 

x  height. 

Capacity  in 

Empty  Weight 

in  feet 

cubic  yards 

in  pounds 

8  x  22 

X 

3.4 

20 

6,350 

8  x  22 

X 

4.3 

25 

6,600 

8  x  22 

X 

5.1 

30 

6,910 

.  8  x  22 

X 

6.8 

40 

7,740 

8  x  22 

X 

9.0 

60 

10,000 

8  x  25 

X 

14.0 

100 

20,000 

Most  trash  containers  and  dump  trucks  are  not  watertight,  so  con¬ 
sideration  must  be  given  to  the  use  of  large  plastic-sheet  liners  to  prevent 
leakage  of  oil  from  the  containers  during  storage,  transfer,  or  transport 
operations. 
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Floating  debris  containers  have  been  proposed  by  two  designers  of 

(12) 

debris-recovery  equipment  ’  .  These'  containers  appear  to  have  certain 

limitations  on  the  size  categories  of  debris  which  they  can  accommodate  and 
would  require  very  calm  water  to  be  floated.  They  do  offer  an  interesting 
alternative  to  the  on-board  storage  limitations  of  small  craft. 

e.  Processing 

There  has  been  very  little  processing  of  debris  in  past  oil-spill 
cleanups.  In  some  situations,  recovered  items  of  obvious  value  such  as 
drums  of  paint  or  chemicals,  cases  of  canned  goods,  bales  of  cotton,  and 
other  salvageable  items  have  been  sorted  out  by  hand  and  reclaimed  for  sal¬ 
vage  or  returned  to  their  original  owner.  In  some  instances,  large  items  of 
wood  have  been  cut  to  smaller  lengths  to  facilitate  recovery  from  the  beach 
or  from  storage,  and  occasionally  oil-soaked  debris  has  had  to  be  mixed  with 
straw  to  prevent  leaching  of  oil  from  landfill  disposal  sites. 

Processing  of  debris,  either  on  scene  during  recovery  or  at  a 
remote  site,  deserves  further  consideration  and  research.  Large,  bulky  items 
can  be  mulched  or  ground  into  small  chips  which  can  then  be  handled  and  con¬ 
tainerized  more  easily.  Some  oil-soaked  items  can  be  cleaned  and  reclaimed 
or  recycled.  Burnable  oil-soaked  debris  can  be  pulverized  into  small  chips 
and  used  as  boiler  fuel.  Oil-soaked  debris  and  recovered  oil  which  is  con¬ 
taminated  with  solid  debris  can  be  mulched  or  ground  into  an  easily  pumped 
slurry  to  facilitate  transfer  and  storage  in  tanks  or  vacuum  trucks. 

f.  Transfer  to  Shore 


The  two  best  systems  for  off-loading  debris  from  recovery  or  stor¬ 
age  vessels  involve  transfer  of  standard  trash  containers  by  crane  or  simply 


(1)  Oil  Recovery  Systems,  Incorporated,  146  Second  Street,  P.  0.  Box  167, 
Mineola,  L,  I.,  New  York  11501,  Telephone  (516)  747-3457. 

(2)  Rheinwerft  GmbH  and  Co.,  Mainz-Mombach,  West  Germany. 
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by  driving  off  filled  trash  or  dump  trucks.  Both  of  these  methods  would  be 
very  effective  in  handling  large  amounts  of  debris,  with  trucks  having  the 
additional  advantage  of  being  able  to  drive  right  off  to  a  disposal  site. 

No  Information  is  available  from  past  spills  to  indicate  that  trucks  mounted 
on  barges  have  been  used  for  combined  on-scene  storage  and  transfer  functions. 

In  general,  manual  transfer  methods  are  not  recomsended  for  situa¬ 
tions  Involving  large  amounts  of  debris.  For  small  spills,  however,  there 
is  usually  very  little  debris  collected,  and  manual  techniques  for  some  ca¬ 
tegories  are  acceptable. 

Conveyor-type  systems  deserve  further  consideration  and  research 
effort,  particularly  in  cases  where  recovered  debris  is  of  a  generally  uni¬ 
form  size  and  consistency,  or  where  debris  can  be  processed  to  reduce  large 
items  to  uniform,  small  chips.  Conveyor  systems  could  also  be  used  to  off¬ 
load  debris  containers  of  a  uniform  size,  although  they  are  more  suitable  for 
handling  bulk  materials. 

Many  spill-cleanup  contractors  use  vacuum  trucks  for  recovery, 
storage,  and  transport  of  spilled  oil  and  oil/debris  mixes  in  which  the 
pieces  of  debris  are  small  enough  to  pass  through  the  vacuum  hoses.  Vacuum 
hoses  could,  therefore,  be  used  to  transfer  mixed  oil/debris  slurries  from 
recovery/storage  vessels  to  vacuum  trucks  in  cases  where  debris  sizes  are 
suitably  small.  This  system  would  work  particularly  well  in  cases  where  the 
oil/debris  mix  was  processed  in  a  grinder/mulcher.  Further  research  in  this 
area  is  necessary  to  find  optimum  systems. 

g.  Transport 

In  past  spills,  transport  of  oil-soaked  debris  to  remote  disposal 
sites  has  usually  involved  dump  trucks  or  trash  trucks  carrying  standard¬ 
sized  debris  containers.  These  seem  to  be  perfectly  suitable  except  for 
extremely  large  items  of  debris,  but  care  must  be  taken  to  seal  the  trucks 
and  containers  to  insure  against  leakage  of  oil.  Sealing  can  easily  be 
accomplished  by  lining  truck  beds  or  containers  with  large  sheets  of  plastic, 
although  sorbents  such  as  straw  could  be  used  to  line  the  containers  and 
soak  up  excess  oil. 
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For  excessively  large  items,  stake  trucks,  flatbed  trailers,  or 
logging  trucks  may  be  required.  In  some  cases,  disposal  sites  may  be  near 
enough  to  shore  that  scows  or  flat  barges  can  be  used  for  transport. 

Vacuum  trucks  can  only  be  used  in  cases  where  small  pieces  of  de¬ 
bris  are  mixed  with  recovered  oil,  but  they  have  the  advantage  of  being  leak- 
proof  and  readily  available  to  most  spill  contractors.  Vacuum  trucks  would 
be  particularly  suitable  for  transport  of  processed  oil/debris  slurries. 

h.  Disposal 

Disposal  of  oil-soaked  debris  has  often  been  the  most  difficult 
problem  to  solve  in  past  cleanup  efforts.  It  has  involved  a  variety  of  dif¬ 
ferent  methods  in  the  past,  but  the  most  common  procedure  seems  to  be  dump¬ 
ing  at  landfill  sites,  road  construction  sites,  or  other  suitable  areas. 

There  are  many  problems  associated  with  disposal  by  dumping  due  to  the  possi¬ 
bility  of  further  oil  contamination  of  nearby  areas;  and,  therefore,  this 
disposal  method  is  not  desirable  unless  it  is  absolutely  the  only  alterna¬ 
tive. 

Open  burning  of  oil-soaked  debris  has  been  tried  in  the  past,  but 
it  is  not  recommended  because  of  the  air  pollution  it  causes.  Several 
methods  of  controlled  burning  are  currently  available,  however;  and,  while 
these  will  not  meet  most  legal  air-pollution  standards,  they  have  been  shown 
to  be  capable  of  consuming  such  things  as  railroad  ties,  logging  slash,  tree 
stumps,  water-soaked  logs,  and  occasional  rubber  tires  with  little  or  no 
visible  emission.  Systems  for  controlled  burning  should  be  considered  for 
development. 

Incinerators  capable  of  meeting  air-pollution  standards  are  recom¬ 
mended  for  nearly  all  debris  categories,  but  there  are  very  few  incinerators 
available  in  some  sections  of  the  country,  so  their  use  in  past  spill  clean¬ 
ups  has  not  been  reported.  Logs  recovered  at  certain  dam  sites  have  been 
donated  to  the  public  for  firewood,  and  some  categories  of  oil-soaked  debris 
could  be  disposed  of  in  this  way.  There  are  also  reports  of  oil-soaked  wood, 
sand,  and  soil  being  used  by  farmers  for  soil  conditioning. 
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Soma  large  municipal  waste  dispoaal  plants  include  mulcher/grinders 
capable  of  reducing  solid  waste  to  very  saall  particles  which  are  then  used 
for  boiler  fuel  in  electrical  power  plants.  Oil-soaked  debris,  particularly 
wood  items,  could  be  a  possible  source  of  boiler  fuel. 


G.  SUMMARY 


The  results  of  the  debris-handling  equipment  and  techniques  research 
described  in  this  chapter  indicate  that,  in  spills  where  appreciable  quanti¬ 
ties  of  debris  are  present,  special  equipment  and  techniques  must  be  provided 
for  removal  of  the  debris.  Selection  considerations  for  this  equipment,  that 
has  been  used  in  past  spills,  have  mainly  been  based  on  availability  of  the 
equipment.  Efficiency  of  the  equipment  has  not,  generally,  been  the  prime 
selection  factor.  If  other,  more  efficient  types  of  equipment  had  been 
readily  available  and  had  been  used  for  debris-handling  operations  in  these 
situations,  the  time  and  cost  necessary  to  clean  up  past  spills  could  have 
been  reduced.  Available  equipment  for  performing  the  various  debris-handl¬ 
ing  functions  that  are  necessary  in  a  spill-cleanup  operation  have  been  de¬ 
scribed  in  this  chapter,  and  efficient  handling  systems  for  given  spill 
situations  can  be  assembled  from  the  equipment  described.  In  the  future,  it 
is  expected  that  equipment  choices  for  debris  handling  will  be  based  on  a 
trade-off  of  efficiency,  cost,  and  availability  factors  which  will  vary 
greatly  from  region  to  region.  Therefore,  the  apparent  need,  as  far  as 
equipment  procurement  is  concerned,  is  to  optimize  a  given  piece  of  equip¬ 
ment  to  meet  the  requirements  of  local  spill  situations  in  the  most  efficient 
and  economical  manner,  rather  than  to  develop  broad  new  equipment  types. 


H.  CONCLUSIONS 


(1)  The  solution  to  a  debris-handling  problem  in  a  spill  must  use 
a  systems  approach  in  which  the  situation  is  defined  in  terms  of  debris  cate¬ 
gories  and  quantities,  wind  and  current  conditions,  locale,  etc.  Each 
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functional  requirement  must  be  examined  and  the  most  highly  recommended 
method  selected  to  optimize  overall  efficiency.  Care  must  be  taken  to  be 
sure  that  the  equipment  selected  for  one  function  is  compatible  with  the 
basic  oil-spill-recovery  methods  and  equipment  types,  as  well  as  with  the 
equipment  selected  for  the  other  debris-handling  functions.  Sizing  of  sys¬ 
tem  equipment  must  also  be  taken  into  account  to  insure  that  storage  and 
transfer  rates  are  compatible  with  recovery  rates. 

(2)  The  complete  containment  of  9pills  with  booms  or  barriers,  in 
areas  where  debris  sources  are  present,  is  desirable  in  order  to  reduce  the 
amount  of  debris  entering  the  spill.  The  containment  device  acts  as  a 
barrier  for  incoming  debris  and  also  minimizes  the  mixing  of  debris  already 
present  in  a  location  with  the  oil. 

(3)  Mechanized  equipment,  in  general,  has  been  observed  to  be 
less  expensive  than  manual  labor  for  handling  debris.  The  use  of  equipment 
wherever  possible  to  replace  manual  labor  will  have  a  positive  effect  on 
reducing  spill-recovery  costs. 

(4)  If  the  spill  cannot  be  contained  in  a  current  by  artificial 
barriers,  diversion  of  the  spill  into  calm  water  reduces  the  difficulties  of 
handling  debris  in  strong  currents.  The  diversion  of  the  spill  into  calm 
water  is,  therefore,  desirable  where  possible  in  river  and  bay  spills  where 
strong  currents  are  present. 

(5)  Handling  equipment  not  currently  used  in  spills  may  be  useful 
in  improving  spill  cleanup  efficiency  by  replacing  some  tasks  presently 
performed  by  manual  labor. 

(6)  Major  improvements  in  debris-handling  efficiency  in  spills 
can  be  gained  by  making  existing  construction  and  agricultural  equipment 
more  readily  available  to  agencies  responsible  for  spill  cleanups. 

(7)  Many  situations  exist,  such  as  environmentally  fragile  sites 
or  sites  where  waterborne  equipment  cannot  maneuver,  where  the  use  of  mechan¬ 
ical  equipment  for  recovery  is  difficult  or  impossible.  In  these  locations, 
the  use  of  manual  labor  is  the  only  acceptable  alternative  for  recovering 
debris. 

(8)  Ultimate  disposal  of  oil-soaked  debris  has  been  a  severe  prob¬ 
lem  in  spills  where  burning  has  been  prohibited  by  air-pollution  regulations. 
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In  these  situations,  the  location  of  acceptable  landfill  sites  and  the  trans¬ 
portation  of  the  debris  to  these  sites  -have  been  major  efforts. 

(9)  Most  debris-handling  shortcomings  in  past  spills  have  been 
due  to  the  nonavailability  of  equipment  rather  than  to  the  functional  defi¬ 
ciencies  of  present  equipment.  These  shortcomings  have  mainly  occurred  in 
spills  that  have  occurred  away  from  industrialized  areas,  where  heavy  equip¬ 
ment  has  not  been  available. 


I .  RECOMMENDATIONS 


(1)  Lists  of  locally  available  debris-handling  equipment  should 
be  included  in  regional  contingency  plans  to  allow  on-scene  commanders 

to  become  aware  of  the  local  resources  available  for  handling  debris. 

(2)  The  requirements  for  and  local  sources  of  debris-handling 
equipment  should  be  established  if  detailed  local  debris-quantity  informa¬ 
tion  becomes  available  for  areas  prone  to  large  oil  spills.  These  require¬ 
ments  could  be  pert  of  a  larger  regional-response  plan  for  large  spills. 

(3)  Local  sites  for  ultimate  disposal  of  oil-soaked  debris  should 
be  pre-established  in  areas  where  debris  is  found  in  appreciable  quantities. 
This  would  eliminate  the  problem  of  locating  a  local  disposal  site  after  a 
spill  has  taken  place. 

(4)  The  further  exploration  of  the  feasibility  of  on-scene  pro¬ 
cessing  of  debris  should  be  undertaken  to  facilitate  storage,  transfer,  and 
disposal  of  debris.  If  this  is  found  to  be  feasible,  spill-recovery  effi¬ 
ciency  can  be  greatly  improved. 

(5)  The  use  of  on-6cene  disposal  devices,  such  as  controlled 
burning  -  techniques,  should  be  explored  further.  The  use  of  on-scene  disposal 
techniques  would  provide  an  even  greater  increase  in  spill-cleanup  efficiency 
than  the  use  of  on-scene  debris  processing.  If  the  air-pollution  problem 
could  be  solved,  this  appears  to  be  the  most  economical  and  efficient  method 
for  disposing  of  oil-soaked  debris. 

(6)  The  Coast  Guard  should  consider  joint  purchase  of  debris-handl¬ 
ing  equipment  with  other  organizations  interested  in  debris  recovery.  This 
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would  minimize  initial  equipment  capital  expenditure  and  operating  costs. 
The  Corps  of  Engineers,  especially,  has-  similar  requirements  in  the  debris¬ 
handling  area. 
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CHAPTER  IV.  EFFECTS  ON  AND  PROTECTION  OF  POLLUTION- 
RESPONSE  EQUIPMENT  FROM  DEBRIS  IN  OIL  SPILLS 


A.  INTRODUCTION 

Debris  effects  every  piece  of  pollution-response  equipment  In  some 
way.  This  chapter  describes  these  effects  and  the  equipment  design  features 
and  techniques  that  have  been  or  are  being  used  for  protecting  equipment  from 
debris  effects.  The  pollution-response-equipment  design  features  and  protec¬ 
tion  techniques  are  evaluated,  and  the  more  effective  methods  are  recommended 
for  use  In- minimizing  or  eliminating  detrimental  debris  effects  on  this  equip¬ 
ment. 

The  descriptive  information  contained  in  this  chapter  was  obtained 
from  in-person  and  telephone  lntervelws  with  these  data  sources  listed  in 
Appendixes  A,  B,  and  C.  Most  of  this  information  came  from  personal  obser¬ 
vations  of  situations  that  occurred  during  past  oil  spills.  Since  in  many 
cases  the  spills  had  taken  place  some  time  in  the  past,  the  quality  of  the 
observations  undoubtedly  varied  according  to  the  recall  ability  of  the  indi¬ 
vidual  observer.  The  information  contained  in  Section  B  of  this  chapter 
should,  therefore,  be  considered  highly  subjective  in  nature. 


B.  EFFECTS  OF  DEBRIS  ON  POLLUTION-RESPONSE  EQUIPMENT 

The  effects  of  debris  described  in  this  section  have  a  commonality 
in  that  they  reduce  the  overall  spill-recovery  efficiency.  These  decreases 
Id  efficiency  generally  result  in  lowered  spill-recovery  rate,  use  of  more 
manpower  to  recover  a  spill,  or,  in  extreme  cases,  an  unsuccessful  recovery 
operation.  Normally  more  than  one  of  the  effects  to  be  described  occurs 
coincidentally  in  a  given  situation. 

The  descriptions  of  effects  on  pollution-response  equipment  are 
listed  in  the  following  sections  under  three  general  equipment  headings — 
containment  devices,  recovery  devices,  and  auxiliary  equipment.  Appendix  S 
summarizes  these  observed  or  probable  effects  by  debris  category. 
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1.  Containment  Devices 


Containment  devices  are  used  to  surround  and  contain  a  spill  until 
it  is  recovered.  The  devices  currently  in  use  are  generically  referred  to 
as  barriers  or  containment  booms.  Debris  affects  containment  devices  by 
impairing  performance,  thereby  causing  the  device  to  be  incapable  of  contain¬ 
ing  the  spill. 

In  the  absence  of  wind,  wave,  or  towing  forces,  debris  alone  has 
minimal  effects  on  containment  devices.  The  damaging  effects  of  debris 
result  when  the  forces  above  are  transmitted  by  the  debris.  These  forces, 
developed  in  containment  devices  by  debris  contact,  can  be  the  result  of 
hydrodynamic  forces,  inertia  forces,  or  both.  When  a  quantity  of  debris  is 
contained  in  a  sweeping  operation,  the  forces  exerted  by  debris  on  the  bar¬ 
rier  are  almost  entirely  caused  by  hydrodynamic  effects.  The  hydrodynamic 
forces  developed  are  related  to  the  relative  velocity  of  the  water  and  the 
opposed  surface  area,  and  the  shape  of  both  the  barrier  and  the  debris.  In 
calm  waters,  hydrodynamic  force  effects  are  minimal. 

When  debris  is  traveling  with  moving  water,  the  force  imposed  when 
it  strikes  the  barrier  is  the  result  of  deceleration  of  the  debris.  Similar¬ 
ly,  in  a  sweeping  operation  or  when  towing  a  barrier,  the  forces  exerted  by 
a  single  large  piece  of  debris  upon  contacting  the  barrier  are  the  result  of 
the  acceleration  of  the  debris. 

Following  are  effects  of  debris  upon  containment  devices.  In  each 
case,  the  debris  interferes  with  the  function  of  the  containment  device  in 
some  way. 

a.  Breaking 

Breaking  takes  place  when  the  developed  tensile  force  becomes  great 
enough  to  exceed  the  tensile  strength  of  the  barrier.  The  barrier  can  then 
no  longer  contain  and  control  the  spill.  There  are  two  general  situations 
in  which  containment  devices  break: 
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(1)  Large  pieces  of  moving  debris  strike  the  device, 
or  a  moving  containment  .device  strikes  a  large 
piece  of  debris.  These  large  pieces  of  debris 
exert  enough  inertial  force  to  break  the  barrier. 
The  types  of  debris  capable  of  exerting  such 
forces  are  logs,  partially  full  oil  drums,  pieces 
of  wharf,  large  timbers,  and  other  objects  which 
have  large  inertias. 

(2)  A  large  quantity  of  debris  is  retained  in  moving 
water,  causing  hydrodynamic  forces  sufficient  to 
break  the  barrier.  With  sufficient  quantity  and 
high  currents,  any  category  of  debris  is  poten¬ 
tially  capable  of  exerting  forces  large  enough  to 
break  barriers. 


b.  Puncturing,  Tearing,  and  Chafinn 


A  punctured  or  torn  barrier  is  not  completely  separated,  as  in  the 
case  of  a  broken  barrier.  With  a  punctured  or  torn  barrier,  the  contained 
spill  may  pass  through  the  opening,  and  hence  is  not  completely  under  control. 

Debris  with  pointed  ends,  sharp  corners  and  edges,  or  debris  with 
metal  fasteners,  nails,  straps,  or  belts  usually  causes  most  punctures  and 
tears.  The  categories  of  debris  causing  this  kind  of  damage  are  mainly 
wooden  items  and  rigid  sheets. 

Chafing  is  a  longer-term  failure  caused  by  the  rubbing  or  abrasion 
of  a  piece  of  debris  against  a  barrier.  Chafing  of  a  barrier  may  also  occur 
because  of  deployment  around  a  piling  or  some  other  fixed  object,  with  the 
resulting  damage  not  directly  caused  by  debris. 

The  occurrence  of  a  puncture  or  tear  does  not  necessarily  render 
a  barrier  ineffective.  An  opening  where  the  spill  fluid  is  in  contact  with 
the  barrier  causes  a  more  severe  problem  than  an  opening  above  or  below  the 
fluid-contact  area.  In  some  calm-water  spills  no  leakage  occurs  because 
punctures  are  below  the  waterline.  However,  in  a  rougher  sea,  intermittent 
leaking  of  fluid  through  openings  above  and  below  the  normal  waterline  may 
result  from  the  fluctuating  water  level.  The  rate  of  fluid  flow  through  a 
leak  depends  on  many  factors  such  as  the  size  and  shape  of  the  opening,  the 
location  of  the  opening  with  respect  to  the  slick,  the  slick  thickness,  the 
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wind  and  current  direction,  the  amount  of  debris  present,  and  the  type  of 
debris  contained  by  the  barrier. 

c.  Sinking 

Sinking  of  a  containment  device  occurs  when  positive  buoyancy  is 
lost  or  overwhelmed,  and  the  device  either  sinks  below  the  spill  fluid  or 
loses  enough  freeboard  so  that  the  fluid  passes  over  it.  Depending  upon  the 
design,  buoyancy  can  be  lost  in  a  number  of  ways.  Regardless  of  the  design, 
sinking  can  result  from  puncturing  or  tearing  and,  in  some  designs,  from 
breaking.  In  this  latter  case,  a  compound  loss  of  containment  control  occurs 
due  to  both  breaking  and  sinking. 

A  puncture  or  tear  can  cause  varying  degrees  of  buoyancy  loss  in 
an  air-chamber  system.  If  just  one  chamber  is  punctured  or  torn,  the  barrier 
may  not  sink,  depending  on  the  design.  Large,  compartmentalized,  foam-pellet 
buoyancy  chambers  lose  buoyancy  as  a  result  of  pellet  loss.  Some  barriers 
use  a  redundant  technique  employing  small  watertight  packages  containing 
foam  pellets  within  the  watertight  barrier,  thus  minimizing  the  danger  of 
sinking  due  to  punctures  or  tears.  Nevertheless,  sinking  of  these  barriers 
has  occurred  even  though  the  pellets  must  pass  through  two  fabric  layers 
before  being  lost. 

Contained  foam  logs  are  also  used  in  some  designs.  These  barriers 
usually  must  suffer  a  large  rupture  for  the  log  to  escape  and  cause  buoyancy 
loss.  For  externally  attached  buoyancy,  floats  must  be  removed  or  torn  from 
the  barrier  by  snagging  for  buoyancy  to  be  lost.  When  barriers  break,  an 
entire  compartment  can  be  opened,  with  the  possible  loss  of  buoyancy  from 
that  compartment  due  to  loss  of  air,  pellets,  bags  of  pellets,  or  foam  logs. 

Types  of  debris  that  cause  puncturing,  tearing,  and  breaking  were 
described  in  the  sections  above,  entitled  Breaking;  and  Puncturing,  Tearing, 
and  Chafing.  The  debris  categories  that  cause  snagging  will  be  described 
later. 


d.  Forced  Submergence 


Forced  submergence  of  a  barrier  occurs  when  the  sheer  weight  of 
debris  forces  the  barrier  under  water.  Forced  submergence  does  not  cause 
any  physical  damage,  but  when  the  barrier  is  submerged,  the  contained  spill 
and  debris  may  pass  over  it.  Two  modes  of  barrier  submergence  have  been 
noted.  In  one  case  large  pieces  of  wood,  such  as  logs,  roll  or  turn  over; 
and  branches  or  other  protrusions  lay  across  the  barrier  and  force  it  under. 
The  second  mode  of  forced  submergence  occurs  when  masses  of  material  such  as 
straw  build  up  in  front  of  a  barrier.  If  the  buildup  exceeds  the  height  of 
the  barrier,  it  can  spill  over  and  submerge  it  due  to  the  weight  of  the  oil- 
soaked  material.  This  effect  is  compounded  by  the  hydrodynamic  forces  moving 
the  debris  toward  the  barrier. 

e.  Lifting  Up 

Lifting  up  of  containment  devices  occurs  when  they  are  raised  so 
that  the  lower  edge  of  the  skirt  clears  the  water  surface.  Lifting  up  can 
occur  when  large  pieces  of  wood  or  logs  roll  over  and  swing  a  protrusion  or 
branch  under  the  barrier,  lifting  it  clear  of  the  water.  It  can  also  occur 
when  debris  is  driven  under  the  barrier  by  wind,  current,  or  towing  motion. 
The  barrier  is  then  lifted  by  the  buoyancy  of  the  trapped  debris. 

f.  Upsetting  of  Trim 

The  trim  of  a  containment  device  is  upset  when  it  is  forced  out  of 
the  attitude  intended  by  the  designer.  This  problem  tends  to  occur  with  cur- 
tain-type  barriers  that  have  flotation  devices  along  their  sides  and  is  not 
as  common  where  large,  cylindrical  flotation  chambers  are  located  above  the 
skirt.  Upsetting  due  to  debris  is  caused  by  hydrodynamic  or  gravity  forces. 
The  barrier  may  not  have  sufficient  freeboard  or  draft  to  contain  the  spill 
when  its  orientation  is  altered.  Most  categories  of  debris  have  the  poten¬ 
tial  to  cause  upsetting,  especially  when  encountered  in  large  quantities. 
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8.  Snagging 


Snagging  occurs  when  debris  becomes  entangled  or  fouled.  This 
commonly  happend  around  mooring  and  anchoring  lines  or  in  the  exposed  flota¬ 
tion  systems  of  some  designs.  Barriers  designed  with  gentle  curves  and 
smooth  surfaces  are  not  as  susceptible  to  snagging  as  are  other  designs. 
Irregularly  shaped  pieces  of  wood,  flexible  sheets,  and  filamentous  pieces 
of  debris  are  the  types  which  most  often  cause  snagging.  Snagged  debris  can 
cause  upsetting,  chafing,  puncturing,  and  tearing.  Large  pieces  of  snagged 
debris  such  as  logs  can  cause  barriers  to  break.  In  many  cases  these  forces 
would  not  have  developed  if  the  snagging  had  not  occurred. 

Another  significant  problem  caused  by  snagging  is  that  the  fouled 
debris  must  be  removed  before  the  last  traces  of  the  spill  can  be  recovered 
and  the  barrier  retrieved. 

h.  Deployment  Hindrance 

In  many  situations,  debris  has  been  a  hindrance  during  the  deploy¬ 
ment  of  containment  devices.  Larger  pieces  of  debris  can  prevent  the  assump¬ 
tion  of  proper  trim,  and  the  upsetting  debris  must  be  removed.  Maneuvering 
barriers  through  such  debris  is  also  a  difficult  problem.  The  debris  inter¬ 
feres  with  boats  and  lines  which  are  used  to  deploy  the  barriers  into  the 
desired  configuration. 


2.  Recovery  Equipment 

Recovery  equipment,  as  defined  in  this  study,  is  equipment  used  to 
pick  up  fluids  spilled  on  water.  During  the  course  of  spill-recovery  opera¬ 
tions,  recovery  equipment  may  be  used  alone  or  with  containment  devices.  At 
times,  recovery  equipment  and  containment  devices  are  integrated  and  operated 
as  a  single  unit,  using  a  sweeping  technique  to  recover  the  spill.  This 
section  describes  the  effects  of  debris  on  recovery  equipment.  The  discussion 
is  divided  into  two  sections.  The  first  section  covers  fluid-transfer  systems, 
which  form  a  part  of  all  pollution-response  devices.  The  second  section 
discusses  the  skimming  equipment  which  removes  the  oil  spill  from  the  water. 
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a.  Fluid-Transfer  Systems 


The  transfer  system  of  a  pollution-response  device  is  used  to  move 
the  recovered  fluid  from  the  recovery  device  to  a  temporary  storage  container. 
Two  basic  types  are  commonly  used — vacuum  systems  and  positive-pressure  pump 
systems. 


(1)  Vacuum  Systems.  In  general,  debris  causes  relatively  little 
equipment  downtime  in  vacuum  systems  used  for  fluid  transfer.  That  which 
does  occur  consists  mainly  of  blocking  or  clogging  of  hoses,  straight  piping, 
and  elbow  fittings  in  the  plumbing  system.  Clogging  can  result  only  from 
Ingestion  of  debris  which  fits  through  the  initial  system  opening.  Most  of 
the  clogging  results  from  long,  slender,  rigid  types  of  debris  such  as 
branches  and  sticks,  which  lodge  in  bends  and  elbows  of  the  plumbing.  Debris 
larger  than  the  system  opening  cannot  enter  the  system.  Debris  with  an  over¬ 
all  envelope  size  smaller  than  the  hose  diameter  will  generally  pass  through 
the  plumbing  system  and  into  the  temporary  storage  container.  Plumbing  sys¬ 
tems  used  on  current  skimmer  designs  commonly  have  2-,  3-,  or  4-inch-diameter 
piping.  The  larger,  4-inch-diameter  hose  systems  do  not  experience  the 
frequency  of  clogging  encountered  in  the  2-inch  systems. 

Debris  accumulates  in  the  tanks  that  receive  the  recovered  oil  and 
debris  from  vacuum  systems.  Much  of  this  debris  leaves  the  tank  during  nor¬ 
mal  unloading  operations;  however,  some  can  remain  trapped.  Debris  which 
remains  after  unloading  must  be  removed  manually,  and  a  sufficiently  large 
man-way  or  hand-hole  access  cover  is  required  to  permit  cleaning. 

(2)  Positive-Pressure  Pump  Systems.  Debris  can  affect  positive- 
pressure  pump  systems  just  as  it  does  the  vacuum  systems.  Again,  it  is  fre¬ 
quently  the  long,  slender,  rigid  types  of  debris  that  lodge  inside  the 
plumbing. 

Generally,  debris  affects  all  rotating-type  pumps  in  some  manner. 
The  following  effects  have  been  observed:  Excessive  wear  on  pump  components; 
jamming,  stalling,  or  prevention  of  shaft  rotation;  and  deformation  or  break¬ 
age  of  parts.  Flexible  sheet-type  debris,  such  as  plastic  garbage  bags, 
wrap  around  the  rotating  components  and  cause  stalling. 
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Reduction  in  pumping  rate  due  to  wear,  deformation,  or  breakage 
contributes  to  reduced  pumping  efficiency.  When  a  pump  stops  rotating, 
stalling  or  seizing  of  rotating  components  can  damage  those  components 
which  drive  the  pump. 

Diaphragm-type  pumps  are  utilized  in  many  recovery  systems,  with  a 
noticeable  degree  of  success.  Most  debris  which  enters  the  system  will  be 
passed  through  these  pumps.  However,  long,  slender  debris,  such  as  twigs, 
kelp,  shoelaces,  fishing  line,  rope,  and  popsicle  sticks,  can  become  lodged 
in  the  check-valve  seats,  thus  impairing  or  stopping  the  pumping  action. 
Plastic  bags,  paper,  and  condoms  are  examples  of  other  items  that  frequently 
interfere  with  the  operation  of  diaphragm  pumps. 

b.  Skimming  Systems 

Skimming  systems  vary  in  size  from  small,  hand-portable  units  to 
large,  manned  boat  systems.  For  the  purposes  of  this  section,  sorbent-broad- 
cast-and-recovery  devices  are  categorized  as  skimming  systems.  The  following 
discussion  covers  the  various  effects  debris  has  upon  skimming  systems.  Four 
general  categories  of  recovery  devices  are  discussed:  Weirs;  rotating  drums, 
discs,  and  belts;  dynamic  Inclined  planes;  and  sorbent-broadcast-and-recovery 
systems. 


(1)  Weirs.  Weir-type  skimming  devices  Include  many  designs — 
small  portable,  linear,  and  circular  floating  weirs;  larger  weirs  on  floating 
platforms  or  vessels;  and  fixed-installation  weirs.  Debris  causes  the  fol¬ 
lowing  various  effects  on  weirs: 

(a)  Bridging.  Bridging  is  caused  by  the  accumulation  of  debris 
around  the  intake  portion  of  the  recovery  device.  This  accumulation  often 
builds  up  to  the  point  where  the  surface  fluid  cannot  flow  through  the  debris 
to  the  skimmer  and  is  partially  or  completely  "bridged"  underneath  or  around 
the  skimmer  inlet. 

The  trim  adjustment  for  weirs  is  usually  set  with  the  lip  of  the 
weir  at  or  near  the  water  surface.  Debris  which  is  not  drawn  into  the  weir 
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by  hydrodynamic  forces  usually  has  a  draft  which  is  too  great  for  it  to  clear 
the  lip  of  the  weir.  This  debris  will  be  held  against  the  weir  by  the 
relative  current  between  the  water  and  skinner.  As  the  collection  of  deeper- 
draft  debris  Increases,  the  accumulation  not  only  stops  the  oil  spill  from 
reaching  the  skimmer  reservoir,  but  also  collects  the  smaller  debris  that 
would  normally  pass  over  the  weir,  thus  further  compounding  the  impediment 
of  fluid  flow. 

(b)  Upsetting  of  Trim.  Floating  weirs  are  subject  to  changes  in 
trim  which  result  in  reducing  the  effectiveness  of  recovery.  Debris  snagging 
on  smaller  weirs  easily  changes  the  trim.  When  trim  changes,  the  weir  depth 
also  changes,  causing  thinner  or  thicker  cuts  of  the  surface  layer.  Also, 
the  lip  of  the  weir  may  be  skewed  so  that  it  is  no  longer  parallel  to  the 
water  surface.  Medium  and  larger  types  of  debris  cause  trim  changes. 

(c)  Displacement  Change.  Displacement  changes  occur  when  the 
total  weight  of  the  skimmer  changes,  usually  due  to  changing  load  conditions 
aboard  the  skimmer.  These  load  changes  may  result  from  temporary  storage  of 
recovered  spill  fluid,  from  accumulated  on-board  stowage  of  recovered  debris, 
or  from  the  removal  of  these  loads.  Trim  change  may  also  occur  with  dis¬ 
placement  changes.  In  any  event,  skimmers  are  usually  very  sensitive  to 
displacement  and  trim  adjustments,  and  changes  to  these  adjustments  due  to 
the  intentional  or  unintentional  accumulation  or  removal  of  debris  will 
affect  the  function  of  most  weir  skimmers. 

(d)  Physical  Damage.  The  larger  sizes  of  rigid  types  of  debris 
can  cause  physical  damage  when  colliding  with  or  impacting  weir-type  skimmers. 
Bending  and  breaking  of  the  weir  can  be  a  result  of  this  impact.  Debris 
impact  can  also  damage  the  flotation  system  for  various  weir  devices. 

(e)  Reservoir  Clogging.  The  reservoir  from  which  the  recovered 
spill  fluid  is  pumped  is  located  behind  or  downstream  of  the  weir.  Debris 
which  has  crossed  the  weir  collects  at  the  intake  to  the  transfer  system. 

The  accumulation  of  debris  can  cause  bridging  which  reduces  or  stops 
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withdrawal  of  fluid  from  the  reservoir.  Any  type  of  debris  which  crosses 
the  weir  can  collect  and  impair  transfer-system  flow. 

(f)  Sinking  and  Forced  Submergence.  Sinking  of  a  recovery  device 
can  result  from  impact  with  large  rigid  types  of  debris.  Small  skimmers 
have  been  forcefullv  submerged  by  encounters  with  large  logs  or  other  large 
debris.  Large  debris  can  also  remove  flotation  components,  thus  imparting 
a  loss  of  buoyancy  to  some  skimmers.  Hollow  flotation  systems  are  subject 
to  puncturing  by  large  debris  or  by  sharp  metal  objects  in  wooden  debris. 
Resulting  flooding  of  these  spaces  can  bring  about  sinking  of  the  recovery 
device. 


(2)  Rotating  Drum,  Disc,  and  Belt  Devices.  There  are  many  types 
of  rotating-drum,  disc,  and  belt-type  recovery  devices,  ranging  in  sire  from 
large,  self-propelled  systems  to  small,  portable  designs.  Following  are 
descriptions  of  several  kinds  of  effects  which  debris  has  on  these  types  of 
equipment : 


(a)  Bridging.  Bridging  of  debris  has  the  same  effect  on  rotating- 
drum,  disc,  and  belt  recovery  devices  as  it  has  on  weir  types.  The  reader 

is  referred  to  the  weir  device  section  for  detailed  discussion  of  these 
effects.  Each  of  these  three  types  of  devices  has  an  entry  way  through 
which  the  oil  and  debris  pass  to  reach  the  recovery  mechanism.  Some  devices 
have  a  single,  large  opening  and  may  or  may  not  have  a  screen  across  the 
opening  for  keeping  out  the  larger  sizes  of  debris.  Other  devices  have 
several  small  openings.  In  either  case,  debris  which  is  too  large  to  pass 
through  the  entry  will  collect  in  front  of  the  opening.  Soon  this  debris 
collection  grows  and  prevents  the  spill  fluid  and  normally  acceptable  debris 
from  reaching  the  skimmer.  All  sizes  of  debris  can  cause  the  bridging 
effect. 

(b)  Mechanical  Jamming.  Debris  can  become  snagged  on  drum  and 
disc  mechanisms  and  jam  or  lodge  between  the  drum  or  disc  and  the  support 
structure  in  such  a  manner  that  the  drum  or  disc  is  prevented  from  rotating. 
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Medium  and  large  pieces  of  wood,  rigid  shapes*  rigid  sheets,  and  cans  and 
bottles  frequently  cause  this  problem.  • 

Rotating-belt  systems  have  been  stopped  by  debris  entangling  with 
the  belt  and  guide  pulley  and  forcing  the  belt  off  the  pulley. 

(c)  Disc  Wiper  Damage.  Rotating-dlsc  wipers  can  be  damaged  or 
their  efficiency  impaired  by  debris.  When  recovering  very  viscous  fluids, 
small  debris  can  stick  to  the  disc  and  collide  with  the  wipers.  If  the 
wiper  does  not  have  the  proper  contact  and  angular  relationship  with  the 
disc,  the  recovery  efficiency  is  reduced.  The  impact  of  debris  with  the 
wipers  can  upset  the  relationship. 

(d)  Impact  and  Catastrophic  Failure.  The  primary  mechanical 
elements  of  drum-,  disc-,  and  belt-type  skinners  can  be  completely  destroyed 
by  impact  with  large  sizes  of  debris,  rendering  them  totally  inoperable. 

(e)  Tearing  of  Sorbent  Materials.  Drum-  and  belt- type  skinners 
which  utilize  sorbent  materials  are  subject  to  tearing  damage.  As  these 
units  rotate,  they  snag  on  debris  that  is  too  large  or  too  heavy  to  be  picked 
up  by  the  sorbent  material.  The  debris  remains  in  the  water  and  tears  the 
sorbent  material  before  becoming  disengaged.  In  some  cases  the  debris  may 
only  puncture  the  sorbent  locally,  impairing  performance  relative  to  the 
extent  of  the  damage. 

(f)  Sorbent-Belt  Clogging.  Incidents  of  porous,  sorbent-belt- 
type  skimmers  becoming  clogged  with  wood  chips  and  fibers  were  reported. 

The  particles  snag  in  the  sorbent  material,  causing  two  effects:  (1)  The  oil 
is  prevented  from  reaching  the  sorbent  material  and  (2)  as  the  sorbent  mate¬ 
rial  passes  through  the  squeezing  roller,  the  debris  prevents  the  sorbent 
from  being  properly  compressed.  Either  effect  reduces  or  stops  all  recovery. 

(3)  Inclined  Plane.  Following  is  a  list  of  effects  which  debris 
has  on  dynamic- inclined-plane  skimmers: 


(a)  Bridging.  This  effect,  previously  described  in  the  weir 
section,  also  occurs  with  dynamic-inclined-plane  skimmers.  The  entrance 
becomes  blocked  with  the  pieces  of  debris,  which  accumulate  and  impede  fluid 
flow  to  the  skimming  device. 

(b)  Clogging  of  the  Reservoir.  The  fluid-collection  reservoir 
downstream  of  the  belt  collects  debris,  which  can  be  anything  which  is 
reached  and  brought  down  by  the  belt.  Some  skimmers  of  this  type  have  a 
grating  across  the  bottom  opening  of  the  reservoir  that  collects  debris. 

This  collection  grate  has,  in  some  cases,  caused  oil  to  pass  completely 
under  the  skimmer  without  entering  the  reservoir.  Small-  and  medium-sized 
pieces  of  debris  can  cause  this  problem. 

(A)  Sorbent  Material.  Sorbent  materials  used  for  oil-spill  recov¬ 
ery  are  available  in  many  configurations  including  log  or  boom  shapes,  sheets, 
and  granular  forms.  Up  to  the  time  of  this  writing,  sorbent  material  usage 
is  generally  a  manual  process  both  during  deployment  and  during  recovery. 
Following  are  ways  in  which  debris  affects  sorbent  materials  with  respect  to 
oil  absorption  and  sorbent  recovery: 

(a)  Dispersement.  Debris  can  prevent  some  sorbent  materials,  when 
dispersed  on  a  spill,  from  coming  into  contact  with  the  spilled  fluid,  which 
is  necessary  for  sorbent  material  to  be  effective.  This  problem  is  especially 
severe  with  sheet  forms  of  sorbents.  Sorbent  logs  are  difficult  to  disperse 
in  an  area  with  concentrations  of  debris. 

•  (b)  Recovery.  Medium  and  large  sizes  of  solid  types  of  debris 

have  become  entangled  or  snagged  on  sorbent  logs  and  sheets  in  several  report¬ 
ed  spills.  With  debris  snagged  in  the  sorbent,  it  becomes  more  difficult  to 
recover.  However,  small  sizes  of  debris  generally  present  no  problem,  for 
they  are  recovered  right  along  with  the  sorbent,  or  they  fall  off  when  the 
sorbent  is  picked  up. 

Granular  sorbent  materials  are  usually  recovered  manually  with  de¬ 
bris  scoops,  and  small  debris  is  lifted  out  right  with  the  sorbent.  The 
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problem  Is  that  large  quantities  of  debris  may  be  handled  in  recovering  the 
sorbent.  Medium  and  large  debris  requires  even  more  effort  to  move  and 
handle  during  sorbent  recovery. 

3.  Auxiliary  Equipment 

During  spill-recovery  operations,  auxiliary  equipment  is  utilized 
to  support  the  containment  and  recovery  devices  previously  described.  This 
equipment  can  be  affected  by  debris  during  recovery  operations.  Boats  and 
temporary  storage  containers  will  be  discussed  in  the  following  section,  as 
they  are  the  two  types  of  equipment  most  commonly  used  in  recovery  operations. 

a.  Boats 


Boats  of  many  sizes  and  descriptions  are  employed  for  spill-recov¬ 
ery  operations.  Typical  craft  range  from  small  rowboats  to  boats  100  feet 
in  length  or  larger. 

(1)  Hull  Damage.  Hull  damage  is  usually  puncturing  or  denting 
by  large  debris  near  or  below  the  waterline.  Hull  puncturing  damage  usually 
eliminates  the  boat  from  further  recovery  operations  until  repairs  are  made. 
The  smaller  boats  of  wood  and  fiberglass  hull  construction  are  more  suscepti¬ 
ble  to  this  type  of  damage  than  metal-hulled  boats. 

(2)  Impaired  Navigation  and  Maneuverability.  Medium  and  large 
sizes  of  debris  impair  navigation  and  may  prevent  a  boat  from  proceeding  in 
a  desired  direction  or  to  a  desired  location.  Larger  debris  categories  are 
largely  responsible  for  interference  with  boat  maneuverability.  Turning, 
backing  down,  or  proceeding  ahead  may  be  prevented  due  to  the  danger  of 
contact  with  debris.  Maneuvering  and  navigating  about  these  pieces  of  debris 
can  hinder  the  manner  in  which  containment  and  recovery  equipment  is  utilized. 

(3)  Breaking  of  Propellers.  In  general,  medium  and  large  pieces 
of  debris  can  break  propeller  blades  or  bend  the  blades  to  such  an  extent 
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they  are  no  longer  effective.  If  big  chunks  of  debris  get  under  a  boat  near 
the  propeller,  damaged  propellers  and  bent  propeller  shafts  can  result. 

This  damage  can  happen  to  the  propulsion  system  of  any  sized  craft. 

(4)  Fouling  of  Propellers  and  Water  Intakes.  Flexible  sheets  or 
filamentous  pieces  of  debris  such  as  plastic  bags  or  ropes  can  become  v .  4  ped 
around  propellers  and  propeller  shafts.  This  can  cause  a  significant  loss 

of  thrust,  shearing  of  drive  pins,  or  shaft  seizing. 

Water  intakes  can  become  partly  or  completely  blocked  by  debris. 
Many  types  of  medium  and  small  debris  can  bridge  across  the  opening  or  be 
drawn  into  the  intake  pipe.  This  reduces  or  stops  water  flow  into  the  open¬ 
ing,  and  may  lead  to  overheated  or  damaged  engines  or  other  equipment  requir¬ 
ing  cooling. 

(5)  Stability.  Impact  with  medium  and  large  debris  can  change 
the  trim  or  even  capsize  small  boats.  Also,  debris  loaded  into  small  boats 
can  reduce  the  freeboard  or  the  overall  stability.  In  addition,  small  boats 
frequently  do  not  have  enough  righting  moment  to  allow  for  handling  the 
heavier  pieces  of  debris  over  the  side  without  taking  water  over  the  gunwale. 

(6)  Impairment  of  Personnel  Safety.  Debris  can  create  situations 
that  constitute  risks  to  personnel,  and  these  can  be  serious  if  the  personnel 
are  not  prepared  fur  them.  Oil-covered  debris  is  slippery,  which  makes  for 
poor  footing.  Sudden  boat  impacts  with  debris  can  cause  personnel  to  lose 
balance  and  fall  into  the  water  or  into  machinery  or  other  objects.  Swamp¬ 
ing,  capsizing,  hull  punctures,  or  sinking  can  place  the  crew  in  swift  or 
cold  water,  among  debris  or  toxic  materials,  or  into  the  path  of  other 
vessels. 

b.  Temporary  Storage  Containers 

Temporary  storage  tanks  are  used  as  auxiliary  equipment  in  many 
situations.  Debris  can  affect  these  tanks,  impairing  their  usage.  These 
tanks  are  either  soft-  or  hard-shell  types. 


103 


(1)  Reduction  of  Capacity.  The  purpose  of  the  tanks  is  to  store 
the  recovered  fluid.  However,  since  recovery  devices  retrieve  debris  along 
with  the  spilled  fluid,  debris  is  also  temporarily  stored  in  the  tanks.  The 
volume  of  debris  in  the  tank  reduces  the  total  capacity  for  fluids.  This 
reduction  in  storage  capability  due  to  storage  of  debris  has  been  appreciable 
in  ''ime  spill  situations. 

(2)  CloRging.  Debris  can  clog  the  inlet  and  outlet  openings  of 
the  tanks,  slowing  or  stopping  the  flow  of  fluid.  Usually,  a  significant 
amount  of  time  and  effort  is  required  to  remove  the  blockage. 

(3)  Puncturing  and  Tearing.  Hard-shelled  tanks  are  not  as  subject 
to  punctures  and  tears  as  are  soft-shelled  tanks.  Debris  which  enters  a 
soft-shelled  tank  has  been  known  to  cause  damage  both  when  the  tank  contains 
fluid  and  when  it  is  being  packaged  for  storage  with  this  debris  still 
inside.  Frequently,  these  soft-shelled  tanks  are  deployed,  filled,  and 
maneuvered  about  while  in  the  water,  during  which  time  they  are  subject  to 
damage  either  by  internal  or  external  debris. 


C.  CURRENT  DESIGN  FEATURES  AND  TECHNIQUES  FOR 
PROTECTION  OF  POLLUTION-RESPONSE  EQUIPMENT 

Many  available  pieces  of  pollution-response  equipment  incorporate 
design  features  for  resisting  the  effects  of  debris.  Spill-recovery  organi¬ 
zations  also  utilize  techniques  which  help  reduce  the  adverse  effects  of 
debris  upon  recovery  equipment.  Present  design  practices  and  techniques  for 
protecting  equipment  from  debris  are  summarized  in  Appendix  T.  The  following 
section  gives  descriptions  of  selected  features  or  techniques  from  that 
appendix,  with  examples  of  their  use.  These  descriptions  are  divided  into 
three  sections  covering  containment  devices,  recovery  equipment,  and  auxili¬ 
ary  equipment.  Within  each  section,  design  features  and  protection  techniques 
are  discussed  separately. 
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1.  Contala— nt  Devices 


a.  Design  Features 

Some  containment  devices  have  evolved  to  a  configuration  designed 
to  enable  them  to  better  cope  with  debris.  The  following  design  considera¬ 
tions  of  these  devices  were  observed  during  the  study: 

(1)  Breaking  Strength.  Some  barrier  designs  contain  a  wire-rope 
or  synthetic-rope  tension  member  to  provide  longitudinal  strength  to  with¬ 
stand  applied  current  and  towing  forces.  In  general,  barriers  designed  in 
this  way  have  higher  tensile  strengths  than  those  without  tension  members. 

Decisions  regarding  the  use  of  and  sizing  of  tension  members  are 
based  on  longitudinal  strength  and  flexibility  considerations.  In  most 
cases  the  trade-off  is  made  relative  to  whether  the  barrier  is  to  be  used 
for  quick-response  situations  in  sheltered  water  or  in  open  water,  or  for 
fixed  installations  in  areas  prone  to  oil  spills. 

Barriers  for  quick-response  situations  in  sheltered  waters  are 
designed  to  be  flexible  for  quick  deployment  and  ease  of  storage.  Their 
relative  strength,  therefore,  is  low.  Barriers  designed  for  open-water 
situations  are  generally  made  more  substantial  to  enable  them  to  withstand 
high  currents,  severe  wave  action,  and  towing  forces  encountered  in  open- 
water  spills.  Their  relative  strength  is  high.  Barriers  intended  for  fixed 
installations  are  generally  the  most  rigid  and,  in  some  cases,  are  as  strong 
or  stronger  than  the  open-water  designs. 

In  barriers  without  tension  members,  the  strength/flexibility 
trade-off  is  generally  made  by  varying  material  thickness.  Thicker  materials 
provide  higher  strength  but  also  make  the  barrier  stiffer.  Stiffer  barriers 
are  harder  to  store  and  deploy  and  may  not  follow  the  water  profile  faith¬ 
fully  when  short-period  swells  are  present.  The  more  flexible  barriers  have 
failed  when  encountering  large  accumulations  of  debris.  These  failures 
generally  have  occurred  in  the  fabric  at  the  connections  or,  in  less  frequent 
situations,  in  the  connections  themselves. 
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Some  barrier  designs  also  use  relatively  elastic  materials  or 
flexible  connections  to  *llow  the  barrier  to  stretch  when  encountering  large 
pieces  of  debris.  This  stretching  is  intended  to  reduce  the  magnitude  of 
tensile  forces  developed  when  decelerating  or  accelerating  large  debris. 

(2)  Resistance  to  Puncturing,  Tearing,  and  Chafing.  Commercial 
barrier  designers  have  made  some  attempts  to  provide  optimum  tear,  puncturing, 
and  chafing  resistance.  Materials  of  high  relative  tear  strength  and  puncture 
resistance,  such  as  coated  or  reinforced  fabrics,  are  used  in  some  flexible 
barrier  designs.  However,  these  materials  also  cause  the  barrier  to  be 
relatively  stiff  and  can  compromise  the  performance  of  the  barrier  in  spill 
situations.  In  rigid  barrier  designs,  tearing,  puncturing,  and  chafing  tend 
to  be  less  problematical.  Rigid  barrier  designs  cope  with  this  problem  by 
using  thicker  skirt  sections.  However,  rigid  barriers  with  thick  skirt  sec¬ 
tions  are  also  very  heavy  and,  therefore,  less  portable. 

Barriers  designed  for  military  applications  also  consider  punctur¬ 
ing,  tearing,  and  chafing  problems.  Military  Specification  B-28617(YD)  con¬ 
tains  standard  tests  to  be  performed  on  materials  for  barriers  purchased  for 
the  Navy.  The  Specification  for  Mechanical  Oil  Barrier  Systems,  published 
by  the  Ocean  Engineering  Division  of  the  United  States  Coast  Guard  on  Septem¬ 
ber  11,  1973,  contains  tests  to  be  performed  on  barriers  specified  by  the 
Coast  Guard.  In  both  cases  the  material  tests  are  intended  to  guarantee  a 
minimum  resistance  to  punctures,  tears,  and  abrasion. 

(3)  Stability.  As  has  already  been  mentioned,  debris  can  upset  or 
submerge  barriers.  Some  designs  attempt  to  minimize  this  effect  by  providing 
maximum  positive  buoyancy  and/or  righting  moment. 

(a)  Righting  Moment.  Righting  moment  is  the  force  by  which  a  bar¬ 
rier  reacts  to  an  external  force  acting  upon  it,  such  as  that  exerted  by  de¬ 
bris.  When  disturbed,  the  right ing-moment  force  tends  to  return  the  barrier 
to  its  normal  attitude.  Most  currently  available  barriers  are  designed  with 
the  center  of  gravity  below  the  center  of  buoyancy.  The  designs  with  no 
tension  member  and  with  optimum  right  ing-moment  capability  have  a  large 
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distance  between  the  center  of  buoyancy  and  the  center  of  gravity.  Also, 
some  barriers  with  relatively  deep  draft  have  a  lesser  tendency  to  be  upset 
because  it  is  more  difficult  for  debris  to  get  under  the  skirt. 

(b)  Reserve  Buoyancy.  Forced  submergence  results  from  vertical 
debris  forces  acting  on  a  barrier.  Current  designs  try  to  reduce  this 
effect  by  incorporating  the  most  possible  reserve  buoyancy,  which  is  the 
capacity  of  an  object  to  provide  increased  buoyancy  as  it  is  further  sub¬ 
merged.  Some  barriers  are  presently  designed  with  sufficient  reserve-buoy¬ 
ancy  capability  to  withstand  forces  from  large-sized  debris  without  submerg¬ 
ing.  For  barriers  in  the  same  height  class,  cylindrical-float,  attached- 
skirt  designs  generally  offer  larger  reserve  buoyancy  than  fence-  and  curtain- 
type  barriers. 

(c)  Snagging.  As  previously  discussed,  debris  can  snag  or  foul 
on  barriers.  This  tendency  is  minimized  by  avoiding  protrusions  and  irregu¬ 
lar  shapes  along  the  barrier  containment  surface.  In  some  designs,  such  as 
fence- type  barriers  with  attached  floats,  snagging  ol  debris  is  a  problem. 
Connectors  also  frequently  offer  places  for  debris  to  snag,  as  do  grommet 
holes,  loops,  seams,  bolts,  and  other  fastener  protrusions. 

b.  Protection  Techniques 

Experience  gained  in  spill-cleanup  activities  has  resulted  in  the 
development  of  many  containment-device  protection  techniques.  Techniques 
that  were  observed  during  the  study  are  discussed  below. 

(1)  Permanent  Repair.  Barriers  damaged  by  puncturing,  tearing, 
and  breaking  are  commonly  repaired  for  further  use.  Some  barriers  are  repair¬ 
ed  on  the  deck  of  a  boat,  but  the  majority  of  permanent  repair  work  is  done 
on  shore.  Holed  barriers  are  commonly  repaired  by  patching  with  adhesive, 
heat  sealing,  or  applying  sewn  or  bolted  patches,  depending  on  the  material 
from  which  the  barrier  is  fabricated  and  its  construction.  The  simplest  and 
least  time-consuming  method  is  to  patch  with  adhesive.  The  other  methods 
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generally  take  longer.  Barrier  breakage  is  frequently  repaired  by  use  of  a 
connector  splint  or  by  replacing  an  entire  section.  The  best  method  de¬ 
pends  on  local  considerations. 

(2)  Temporary  Repair.  Temporary  repairs  of  damaged  barriers  are 
effected  in  the  water  so  that  the  spill-containment  function  is  not  inter¬ 
rupted  or  can  be  restored  as  quickly  as  possible. 

A  common  practice  is  to  replace  an  entire  section  of  damaged  bar¬ 
rier  with  a  new  section.  Where  possible,  a  damaged  barrier  section  will  be 
removed  and  the  undamaged  barrier  reconnected.  However,  this  procedure 
reduces  the  length  of  the  barrier,  which  has  caused  problems  in  some  spills. 
These  techniques  are  more  effectively  accomplished  with  quick-disconnect 
barrier  fittings  which  are  available  in  some  designs. 

Another  procedure,  used  for  repair  of  punctures  or  tears,  is  to 
secure  a  new  section  of  barrier  in  front  of  and  behind  the  damaged  section. 
This  technique  may  not  make  a  leak-proof  seal,  but  it  will  reduce  the 
leakage. 

Another  quick-fix  technique  is  to  slacken  the  barrier  and  tie  it 
to  itself  on  either  side  of  the  damaged  area,  resulting  in  a  loop  on  one 
side.  A  variation  of  this  technique  is  to  fold  or  accordion  the  barrier  and 
to  secure  the  end  of  each  fold  to  another  section.  Some  barriers  are  designed 
to  be  used  in  this  manner;  and  clamps,  which  can  be  placed  over  the  barrier 
to  facilitate  this  technique,  are  available.  Moreover,  some  parted  barriers 
can  be  repaired  by  overlapping  and  securing  in  this  manner. 

(3)  Use  of  Double  Barriers.  The  use  of  a  double  barrier  is  a 
technique  by  which  two  oil-containment-type  barriers  are  deployed  parallel 
to  each  other  some  distance  apart.  The  purpose  of  the  first  barrier  is  to 
retain  debris  only.  The  second  barrier  contains  the  spill.  In  some  situa¬ 
tions  damage  to  the  first  barrier  may  result  and  is  accepted  provided  the 
debris  is  contained.  If  the  debris  barrier  does  not  allow  the  spill  fluid 
to  pass,  the  barrier  is  periodically  lifted  just  enough  to  allow  the  desired 
amount  of  fluid  to  fiow  under. 
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(4)  Protective  Barriers.  Protective  barriers  are  sometimes  em¬ 
ployed  to  keep  debris  away  from  the  primary  spill-containment  barrier.  The 
protective  barriers  are  not  impermeable  as  are  the  oil-containment  barriers. 
Many  designs  and  types  of  materials  have  been  used  in  various  situations. 

Log— boom  barriers  have  been  utilized,  and  this  approach  has  been  very  suc¬ 
cessful  in  stopping  logs  and  other  large  debris  from  contacting  the  primary 
containment  barrier.  Snow  fence,  chain-link  fence,  expanded  metal,  chicken 
wire,  and  other  porous  sheet  materials  have  also  been  utilized.  Usually, 
floats  are  attached  to  these  materials,  and  ballast  is  added  to  achieve  a 
vertical  orientation  for  the  barrier.  Frequently,  a  tension  member  is  used 
to  provide  the  needed  tensile  strength. 

One  manufacturer  contacted  during  the  study  is  about  to  market  a 
protective  barrier.  The  design  is  very  similar  to  the  cylindrical-float, 
attached-skirt  spill-retention  barrier;  but  an  open-mesh  material  is  employ¬ 
ed  in  place  of  the  solid  skirt.  The  mesh  is  intended  c  ■  retain  debris  but 
allow  the  spill  to  pass  through.  Another  manufacturer  markets  a  mesh-net- 
type  debris  barrier  with  flotation,  ballast,  and  tension  members  attached. 

It  is  intended  to  be  deployed  a  short  distance  in  front  ci  the  spill- recovery 
device  to  catch  debris  before  it  reaches  the  skimmei . 

(5)  Diversionary  Deployment .  Spills  and  debris  are  commonly  de¬ 
flected  sideways  by  deploying  barriers  in  a  diversionary  pattern.  This  tech¬ 
nique  is  practical  only  in  moving-water  situations  sucli  as  in  streams,  rivers, 
and  tidal-current  areas.  For  setting  up  a  diversion,  the  barrier  is  deployed 
diagonally  to  the  current  and  not  at  right  angles  as  in  containment  use. 

This  arrangement  tends  to  reduce  the  magnitude  of  the  forces  exerted  on  the 
barrier  by  the  debris,  and  debris  does  not  build  up  along  the  barrier. 
Diversion  barriers  have  been  used  to  push  both  the  oil  and  debris  out  of  the 
fast  current  into  calm-water  areas  where  recovery  work  takes  place. 

(6)  Manual  Tending.  Manual  tending  is  an  important  technique  used 
frequently  for  barrier  protection.  The  purpose  of  manual  tending  is  to 
prevent  debris  from  contacting  or  damaging  the  barrier.  This  is  accomplished 
in  several  ways — removing  debris  from  behind  the  barrier;  directing  the 
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larger,  potentially  more  damaging  sizes  of  debris  around  the  ends  of  the 
barrier;  towing  away  and  mooring  large  debris  elsewhere;  pushing  damaging- 
type  debris  under  the  barrier;  and  lifting  the  barrier  to  allow  debris  to 
pass  under.  In  many  areas  tending  must  be  a  continuous  effort  any  time  con¬ 
tainment  barriers  are  in  the  water. 

(7)  Utilization  of  Debris-Handling  Equipment.  Another  approach 
used  to  protect  the  containment  devices  from  debris  damage  is  to  remove  the 
debris  from  the  water.  Some  locations  in  the  United  States  already  have 
regular  debris-recovery  operations,  and  specialized  debris-handling  equipment 
has  been  developed  for  these  operations.  The  types  of  equipment  and  tech¬ 
niques  are  described  in  Chapter  III.  Utilization  of  this  debris-handling 
equipment  in  conjunction  with  pollution-response  equipment  has  reduced  the 
amount  of  damage  caused  by  debris. 

(8)  Abrasion-Resistant  Cover.  One  manufacturer  makes  an  abrasion- 
resistant  cover  to  prevent  debris  damage  to  the  cylindrical  flotation  sec¬ 
tion  of  their  barrier.  The  cover  is  used  where  a  barrier  is  permanently 
moored  and  is  in  contact  with  dolphins,  pilings,  and  other  pier  facilities. 
While  this  cover  is  available,  its  use  was  not  reported  in  an  actual  debris¬ 
laden  spill  situation. 

(9)  Attached  Protective  Barrier.  Protective  barriers  fabricated 
from  chain-link  fence  with  floats  attached  for  buoyancy  have  been  attached 
to  the  primary  containment  device  in  some  situations.  They  are  usually 
deployed  using  rigid  poles  between  the  two  barriers.  The  debris  barrier  is 
held  in  front  of  and  at  a  distance  from  the  primary  barrier,  collecting  the 
debris  and  allowing  the  oil  spill  to  pass  to  the  containment  device. 

(10)  Water  Jets.  In  some  spills,  water  jets  have  been  used  to 
direct  debris  away  from  barriers.  These  jets  were  from  water  hoses  and  fire 
hoses  located  dockside  or  on  board  ship.  Directing  debris  away  from  a 
barrier  with  water  jets  is  not  always  effective,  especially  with  large, 
nearly  submerged  pieces  of  debris  in  a  strong  water-current  situation.  Also, 


the  position  and  orientation  of  the  imposed  current  with  respect  to  its 
effect  on  the  overall  recovery  operation  has  been  a  factor  in  controlling 
debris  with  water  jets. 

(11)  Propeller  Wash.  Attempts  are  frequently  made  to  use  propel¬ 
ler  wash  from  boats  to  direct  or  divert  debris  in  a  desired  direction.  Non- 
secured  boats  intermittently  directing  their  propeller  wash  have  provided 
limited  debris-movement  control  in  some  spill  situations,  while  iu  other 
instances  the  boats  have  been  secured  by  mooring,  anchoring,  running  aground, 
or  pushing  against  a  dock.  As  with  the  use  of  water  jets,  rhe  location  and 
orientation  of  the  imposed  current  must  be  compatible  with  the  equipment 

and  the  total  recovery  operation. 

(12)  Permanent  Debris  Barriers.  Jn  areas  where  frequent  spills 
are  encountered,  fences  have  been  installed  to  exclude  debris  from  the  area. 
In  some  cases,  the  barrier  also  protects  permanently  installed  pollution- 
response  equipment.  The  fence  cannot  be  loir  totally  unattended,  and  a 
regular  inspection  and  maintenance  program  is  usually  required  to  make  he 
barrier  effective. 

(13)  Debris  as  a  Protective  Barrier.  Accumulated  debris  someti  .ci, 
functions  as  a  protective  barrier  for  a  boon.  This  debris  forms  a  zone 
where  impact  forces  from  large  debris  can  be  absorbed  before  contacting  the 
barrier.  For  this  to  be  effective,  the  smaller  sizes  of  debris  must  build 

up  first.  This  buildup  of  protective  debris  is  controlled  to  avoid  other 
debris-effect  problems  that  large  quantities  of  debris  can  cause.  In  some 
Instances,  sorbent  materials  also  form  protective  barriers. 

2.  Recovery  Equipment 


a.  Transfer  Systems 

(1)  Design  Features.  Some  of  the  transfer-system  design  features 
currently  employed  follow.  No  protection  techniques  as  such  for  transfer 
systems  were  observed  during  the  study. 

Ill 


(a)  Filters.  In  one  skimmer  design  a  filter  is  installed  in  the 
plumbing  system  of  the  recovery  device.  The  filter  is  located  upstream  of 
pumps  and  valves  so  that  debris  will  not  lodge,  jam,  or  damage  these  compo¬ 
nents.  Filter-mesh  is  sized  small  enough  to  catch  those  sizes  of  debris 
which  can  cause  problems  witn  the  downstream  machinery. 

(b)  Large-Diameter  Hoses  and  Piping.  Large-diameter  hoses  and 
piping  are  used  to  minimize  the  frequency  with  which  debris  clogs  in  transfer 
systems.  Vacuum  systems  with  3-  and  4-inch-diameter  hoses  are  found,  and 
2-inch-diameter  hose  systems  are  common.  The  larger-diameter  piping  systems 
usually  have  larger-radius  bend  fittings,  which  also  permit  passage  of  debris 
without  clogging. 

(c)  Quick-Disconnect  Fittings.  Quick-disconnect  fittings  on 
hoses  and  pumps  are  used  to  reduce  downtime  due  to  clogging.  Clogged  hoses 
can  be  easily  and  quickly  replaced  and  then  cleaned  at  a  more  convenient 
time.  Quick-disconnect  fittings  also  permit  replacement,  repair,  or  removal 
of  clogged  or  damaged  pumps,  strainers,  valves,  and  other  system  components. 

(d)  Pump  Selection.  Pumps  designed  for  severe  service  or  pumping 
of  solids  in  suspension  are  used  on  most  skimmers.  Diaphragm  pumps  and  open- 
impeller,  centrifugal  pumps  are  the  most  common  types. 

(e)  Back-Flushing.  The  capability  to  reverse  flow  is  incorporated 
in  some  transfer  systems  to  correct  clogging  problems  with  a  minimum  of 
downtime.  However,  back-flushing  usually  expels  some  of  the  contained 
fluid  back  into  the  water. 

b.  Skimming  Systems 

(1)  Design  Features. 

(a)  Trash  Screens.  Trash  screens  are  used  to  keep  debris  away 
from  many  types  of  recovery  devices.  The  screen  is  usually  located  in  such 
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a  way  that  it  stops  debris  but  allows  the  spill  fluid  to  pass  into  the 
skimmer.  Saucer-shaped  skimmers  with  circular  intakes  use  circular  screens 
of  a  diameter  larger  than  the  saucer.  Skimmers  with  reduced  entrance  areas, 
such  as  many  of  the  weir,  rotating-drum,  and  belt  types,  use  straight  sec¬ 
tions  of  screen  mounted  on  the  inlet  of  the  device. 

Trash  screens  are  constructed  of  materials  with  various  opening 
sizes  depending  upon  the  type  of  debris  they  are  intended  to  exclude.  The 
opening  is  usually  sized  to  keep  out  debris  which  adversely  affects  the 
skimmer.  Mesh  size  of  1/2  inch  square  is  common. 

One  skimmer  design  uses  two  screens — an  outside  screen  of  1/4-inch 
mesh  and  an  inside  one  of  1/2-inch  mesh.  If  more  viscous  oils  are  encounter¬ 
ed  and  choke  the  outside,  smaller-mesh  screen,  it  is  removed;  and  the  larger- 
mesh  screen  is  used  alone. 

Recovery-equipment  operators  frequently  fabricate  their  own  trash 
screens  to  fulfill  their  special  needs.  Debris  screens  fabricated  on  scene 
depend  on  the  materials  that  are  readily  available.  Expanded  metal,  chicken 
wire,  hardware  cloth,  chain-link  fence,  snow  fence,  fish  net,  etc.,  have 
been  used.  Metal  flat  bar,  pipe,  and  rod  stock  have  been  used  for  support 
structures. 

Some  skimmers  have  been  equipped  by  the  operators  with  special 
screens  to  avoid  debris  damage  during  transit.  These  guards  are  removed  for 
recovery  operations. 

(b)  Shielding  of  Mechanical  Moving  Parts.  On  several  skimming 
systems  portions  of  the  linear  and  rotating  moving  components  are  shielded 
to  prevent  debris  from  jamming,  wrapping  around,  or  otherwise  interfering 
with  the  operation  of  the  equipment.  Drive-trains  are  also  shielded  in 
many  designs. 

(c)  Porous  Debris  Belt.  A  porous  debris  belt  is  another  method 
used  to  minimize  debris  effects  on  some  belt  skimmers.  The  debris  belt 
removes  debris  which  has  dropped  off  the  oleophilic  belt  that  precedes  the 
debris  belt.  With  this  recovery  technique,  not  only  is  the  recovered  spill 
fluid  collected,  but  also  the  oil-soaked  debris  is  recovered  by  the  same 
process. 
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(d)  Machinery  Removed  From  Debris.  In  one  oleophilic-belt-type 
system,  the  belt-driving  and  wringing  portions  of  the  system  are  isolated 
such  that  the  belt  and  a  tail  pulley  are  the  only  items  directly  contacting 
the  spill.  Debris  must  become  entangled  and  transported  by  the  belt  before 
it  can  encounter  the  wringer.  This  physical  separation  acts  to  reduce  the 
frequency  and  severity  of  malfunctions  due  to  debris. 

(e)  Cranes  Mounted  on  Skimmers.  Cranes,  jib  booms,  and  davits 
are  installed  on  some  larger,  manned  recovery  devices  to  remove  some  of  the 
larger  debris  that  interferes  with  oil-recovery  operations.  The  debris  is 
usually  temporarily  stored  on  board  the  recovery  vessel  for  later  disposal. 

(2) _ Protection  Techniques. 

(a)  Manual  Handling.  Debris  around  a  recovery  device  is  commonly 
controlled  by  manual  labor.  When  debris  gathers,  it  is  moved  away  or  removed 
manually  to  minimize  adverse  effects  on  the  skimmer.  In  many  situations, 
continuous  manual  handling  and  tending  of  debris  is  necessary.  Three  varia¬ 
tions  of  manual  handling  have  been  frequently  used  for  coping  with  debris, 
as  follows: 

Intake  Tending.  Manual  handling  of  debris  at 
intakes  is  common  practice  with  all  types  of  skimming 
systems.  The  handling  of  the  larger  pieces  of  debris 
is  important  because  they  cause  severe  damage  to  equip¬ 
ment.  Manually  pushing,  pulling,  and  guiding  is  the 
usual  practice,  using  boat  hooks,  pike  poles,  debris 
nets,  lines,  etc.  Larger  debris  is  usually  moored  off, 
maneuvered  around,  or  pushed  under  the  containment 
barriers;  or  it  is  mechanically  removed  from  the  water. 

Smaller  debris  frequently  bridges  across  the  intakes 
and  trash  screens  of  skimmers.  The  accumulation  is 
usually  scooped  out  of  the  water  with  pitchforks,  dip 
nets,  etc.,  to  restore  flow  into  the  skimmer  intake. 
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When  aaall  skinners  are  used,  the  debris  is  usually 
handled  manually  from  the  shore  or  a  nearby  dock.  On 
larger  skinners,  personnel  are  usually  stationed  at  the 
bow  or  at  the  Intake  to  handle  the  debris. 

Skinner  Collection-lU:  firvoir  Tending.  Another 
location  where  manual  handling  of  debris  is  necessary 
is  in  the  colIn  t  ion  reservoirs  of  weir  and  dynamic- 
inclined-plane  skimmers.  In  both  designs,  the  debris 
is  manually  removed  with  dip  nets  or  hand  skimmers. 

Tending  With  a  Small  Boat.  In  some  cases,  men  in 
small  boats  are  used  for  the  manual  handling  of  debris 
near  skimmer  intakes,  especially  around  wharfs.  The 
boats  are  moored  or  propelled  with  oars  or  outboard 
motors,  depending  upon  the  conditions.  Dip  r.ets  or 
scoops  are  used  for  debris  handling. 

(b)  Protective  Barriers.  As  has  been  previously  discussed,  pro¬ 
tective  barriers  are  used  to  keep  debris  from  reaching  skimming  systems, 
either  in  front  of  or  across  the  intakes  of  the  skimmers.  The  barriers  fil¬ 
ter  out  the  debris  and  allow  the  oil  to  pass  on  to  the  skimmer.  Snow  fence, 
chain-link  fence,  expanded  metal,  and  other  porous  sheet  materials  are  used. 
One  manufacturer  offers  a  porous-type  protective  barrier  to  collect  debris 
before  it  reaches  the  skimmer. 

(c)  Water  Jets.  As  has  been  noted  before,  jets  from  water  and 
fire  hoses  are  used  to  direct,  remove,  or  prevent  the  entry  of  debris  to 
skimmer  intakes. 

(d)  Propeller  Wash.  Propeller  wash  from  boat  propulsion  systems 
is  used  to  produce  currents  to  move  debris  away  from  skimmers.  Usually  the 
boat  is  held  in  one  position  such  that  the  resulting  current  maneuvers  the 
debris  in  the  desired  direction.  This  technique  is  limited  in  its  applica¬ 
tion  since  the  forces  exerted  by  the  water  also  affect  the  spill  fluid. 
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3.  Auxiliary  Equipment 

Tha  following  are  features  of  auxiliary  equipment  which  improve 
their  compatibility  with  debris-laden  oil-spill-recovery  operations. 

a.  Boats 


Some  boats  which  operate  in  and  around  debris  situations  are 
equipped  with  heavy-duty  propellers  that  can  sustain  contact  with  debris 
without  damage.  Others  are  fitted  with  guards  to  keep  debris  from  coming 
into  contact  with  the  propellers.  These  guards  are  usually  rigid  baskets 
which  are  attached  to  the  hull  and  entirely  surround  the  propeller  and  shaft. 
Other  workboats  equipped  with  jet  drives  experience  only  minimal  problems 
with  debris. 


b . _ T emporary  Storage  Containers 

Storage  containers  for  recovered  oil  and  debris  are  constructed  of 
strong  materials,  to  resist  debris,  damage.  Tanks  incorporate  man-ways  or 

sides  that  ooen  to  permit  cleaning. 


D.  EVALUATION  OF  CURRENT  DESIGN  FEATURES  AND  PROCEDURES 


This  section  contains  evaluations  of  the  design  features  and  pro¬ 
tection  techniques  discussed  in  the  previous  section.  Factors  observed 
during  the  study  and  engineering  judgment  were  used  to  evaluate  the  advan¬ 
tages  and  disadvantages  of  each  item. 


1.  Containment  Devices 


a.  Design  Features 

(1)  Barriers  Designed  for  Breaking  Strength.  No  failures  of  ten¬ 
sion-member  barriers  were  reported  during  the  study.  The  use  of  a  tension 
member  is  the  preferred  way  to  achieve  high  breaking  strength,  considering 
the  desired  flexibility  range.  Tension-member  designs  are  also  easier  to 
handle  than  other  barrier  designs  with  similar  strength.  Tension-member 
barriers  have  the  disadvantage  of  some  design  complexity.  Where  flexibility 
of  the  barrier  is  the  primary  consideration,  barriers  without  tension  members 
have  some  advantage. 

(2)  Material  Selection  for  Resistance  to  Puncturing,  Tearing ,  and 
Chafing.  Punctures  and  tears  of  present  barriers  are  more  common  than  break¬ 
ing  failures.  Most  current  barrier  designs  cannot  stop  large  pieces  of 
debris  without  sustaining  tearing  or  puncturing  damage.  Curtain-type  barriers 
appear  to  resist  this  type  of  failure  better  than  tubular  or  inflatable  types. 

(3)  Righting  Moment.  Barriers  with  no  tension  member  and  with 
the  largest  distance  between  the  center  of  gravity  and  the  center  of  flota¬ 
tion  have  the  highest  righting  moment  capability.  Separate  tension-member 
barriers  have  the  least  tendency  to  be  upset  by  applied  debris  force. 

(A)  Reserve  Buoyancy.  Sinking  is  a  common  problem  with  present 
barriers  in  heavy  debris  situations,  especially  light  barriers  with  small 
flotation  units. 

(5)  Snag  Resistance.  Barriers  with  protruding  flotation  units, 
external  lines,  and  bridles  on  the  containment  face,  cause  frequent  problems 
with  debris.  Smooth-surfaced  barriers  are  better  but  can  still  create  dif¬ 
ficulties  around  connections  and  with  tending  lines. 


b.  Protection  Techniques 


(1)  Permanent  Repair.  Current  practice  for  permanent  barrier 
repair  are  adequate  for  the  problems  encountered.  Most  barriers  can  be 
restored  to  a  condition  whic.i  matches  the  original  capability. 

(2)  Temporary  Repairs.  Current  temporary  repair  practices  are 
also  adequate.  Most  of  the  temporary  repair  practices  have  evolved  through 
field  experience  and  are  generally  efficient  methods  for  altering  the  prob¬ 
lems  encountered. 

(3)  Use  of  Double  Barriers.  This  technique  is  effective  with 
respect  to  overall  spill-cleanup  activities.  However,  the  barriers  used  to 
contain  debris  usually  sustain  appreciable  damage  when  used  in  this  manner. 

(4)  Protective  Barriers.  Most  improvised  barriers  work  marginal¬ 
ly  well,  failing  on  occasion  by  breaking,  sinking,  or  local  holing.  Some 
improvised  designs  work  exceptionally  well,  never  having  failed  in  service. 
Considerable  time  can  be  consumed  in  improvising  the  designs,  ordering  and 
amassing  the  parts,  and  assembling  the  barrier.  Improvised  designs  are  also 
relatively  difficult  to  deploy  and  retrieve.  No  experience  information  is 
available  on  commercial  protective  barriers. 

(5)  Diversionary  Deployment.  This  is  an  effective  technique, 
especially  when  used  on  rivers  or  streams. 

(6)  Manual  Tending  Techniques.  Manual  tending  is  an  effective 
technique  for  protecting  barriers  in  all  spill  situations.  Personnel  can 
perform  a  variety  of  tasks  and  are  usually  readily  available.  However,  the 
use  of  laborers  to  perform  tasks  that  could  be  done  by  machine  is  more 
expensive  in  most  circumstances. 
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(7)  Utilization  of  Debris-Handling  Equipment.  Debris-handling 
equipment  gives  effective  protection  in  light  or  moderate  debris  situations. 
In  heavy  debris,  handling  equipment  usually  cannot  pick  up  all  the  debris 
before  the  retention  barrier  is  encountered. 

(8)  Abrasion-Resistant  Covers.  Information  sufficient  to  evalu¬ 
ate  the  performance  of  abrasion-resistant  covers  was  not  available  at  the 
time  of  this  study. 

(9)  Attached  Protective  Barriers.  Attaching  a  protective  barrier 
is  an  effective  technique  against  small-  and  medium-sized  debris  in  low  cur¬ 
rents.  In  high  currents,  or  when  heavy  debris  is  encountered,  protective 
barriers  are  not  effective  in  keeping  debris  away  from  the  containment 
barrier. 


(10)  Water  Jets.  The  effectiveness  of  this  concept  is  limited, 
even  for  small-  and  medium-sized  debris  in  low  currents.  Water  jets  an  be 
used  only  in  local  areas.  Water  jets  are  ineffective  in  high  currents  or 
for  handling  heavy  debris. 

(11)  Propeller  Wash.  The  usefulness  of  this  technique  is  limited 
due  to  difficulties  with  station  keeping  in  currents,  near  moorings,  and  in 
shallow-water  operations. 

(12)  Permanent  Debris  Fence.  This  concept  is  effective,  but  it 
can  be  used  only  in  shallow-water  areas  where  the  fences  do  not  cause  a 
hazard  to  navigation. 

(13)  Debris  as  a  Protective  Barrier.  This  is  an  effective  tech¬ 
nique  only  when  small  debris  is  encountered  first,  or  w'ien  large  pieces  are 
removed  from  the  initial  incoming  debris.  If  large  pieces  are  not  removed 
from  the  debris  before  it  encounteres  the  barrier,  the  protective  action  of 
the  small  debris  is  ineffective. 
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2.  Recovery  Equipment 


a.  Transfer  Systems 

(1)  Design  Features. 

(a)  Filters.  Filters  that  are  functioning  properly  must  eventual¬ 
ly  be  cleaned  or  replaced.  This  function  might  be  better  served  by  the  use 
of  inlet  screens  and  back-flushing,  which  would  avoid  the  downtime  associated 
with  cleaning  filters. 

(b)  Large-Diameter  Piping.  Use  of  large-diameter  piping  is  an 
effective  method  of  reducing  system  clogging  due  to  debris.  A  4-inch-nominal- 
diameter  system  is  much  more  effective  than  a  2-inch-diameter  system,  espe¬ 
cially  when  operating  in  situations  where  large  amounts  of  small  debris  are 
present . 


(c)  Use  of  Quick-Disconnect  Fittings.  Quick-disconnect  fittings 
are  very  effective  in  reducing  downtime  due  to  debris  clogging.  Many  spill- 
cleanup  contractors  modify  equipment  not  originally  designed  with  quick- 
disconnects  to  permit  faster  cleaning  or  replacement  in  the  field. 

(d)  Pump  Selection.  Pumps  designed  specifically  for  pumping 
fluids  contaminated  with  solids  minimize  debris  effects  on  many  skimmers. 
These  pumps  are  much  more  effective  in  spills  with  debris  than  are  designs 
that  have  been  selected  solely  to  provide  optimum  transfer  efficiency. 

(e)  Back-Flushing.  The  capability  to  back-flush  permits  cleaning 
of  clogged  systems  without  disassembly.  A  disadvantage  in  some  designs  is 
the  discharge  of  a  quantity  of  the  recovered  fluid  when  back-flushing. 


b.  Skimming  Systems 


(1)  Design  Features. 

(a)  Trash  Screens.  Trash  screens  are  effective  in  keeping  medium 
and  large  debris  from  reaching  skimmers.  Disadvantages  include  the  need  for 
more  or  less  constant  manual  tending  to  prevent  bridging  or,  with  some  small 
screens,  clogging  during  recovery  of  viscous  fluids. 

(b)  Shielding  of  Mechanical  Moving  Parts.  Shielding  reduces  jam¬ 
ming  of  components  on  many  skimmer  designs.  The  technique  also  improves 

the  safety  of  some  designs. 

(c)  Porous  Debris  Belts.  Porous  debris  belts  permit  rapid  handl¬ 
ing  of  debris  picked  up  with  the  spill.  However,  handling  systems  of  this 
type  require  considerable  deck  space  and  space  for  temporary  debris  storage. 
They  are  also  expensive. 

(d)  Remote  Machinery.  The  concept  of  isolating  the  machinery  from 
the  debris  eliminates  many  debris-related  problems  sucn  as  clogging,  physi¬ 
cal  damage,  etc.  The  disadvantage  is  that  mobility  is  greatly  reduced. 

(e)  Cranes  on  Skimmers.  The  use  of  cranes  on  skimmers  allows 
recovery  of  large  pieces  of  debris  by  the  skimmer.  This  is  an  advantage 
when  a  skimmer  is  working  a  spill  alone  or  when  skimmers  are  used  for  general 
debris-recovery  operations  not  associated  with  a  spill.  Disadvantages  of 
cranes  are  that  they  are  initially  expensive  to  install;  their  use  slows 
down  skimming  operations;  most  skimmers  have  limited  on-board  storage  space; 
and  an  operator  is  required. 

(2)  Protection  Techniques. 

(a)  Manual  Handling  of  Debris.  This  technique  has  the  great  ad¬ 
vantage  of  being  versatile  as  to  the  type,  quantity,  and  location  of  debris 
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that  can  be  handled.  The  disadvantages  are  high  cost  relative  to  the  use 
of  machines,  difficulty  in  protecting  against  large  debris  in  strong  currents, 
limited  endurance  of  a  single  crew,  and  possible  safety  problems. 

(b)  Use  of  Protective  Barriers.  See  the  discussion  of  this  tech¬ 
nique  above,  in  the  Containment-Device  section. 

(c)  Use  of  Water  Jets.  This  technique  also  has  been  evaluated  in 
the  Containment-Device  section  above. 

(d)  Use  of  Propeller  Wash.  The  reader  is  again  referred  to  the 
Containment-Device  section. 


3.  Auxiliary  Equipment 


a.  Design  Features 

(1)  Boats.  Heavy-duty  propellers  greatly  reduce  damage  and  asso¬ 
ciated  downtime,  although  such  propellers  can  be  less  efficient.  Propeller 
guards  also  effectively  reduce  damage  caused  by  large  debris.  Guards,  how¬ 
ever,  can  be  subject  to  fouling  by  small  debris,  plastic  sheets,  and  other 
debris  items.  Jet  drive  minimizes  debris  damage  but  reduces  maneuverability 
somewhat. 


(2)  Temporary  Storage  Containers.  No  data  are  available  to  eval¬ 
uate  debris  effects  on  temporary  storage-vessel  designs. 


E.  RECOMMENDED  DESIGN  FEATURES  AND  PROTECTION  TECHNIQUES 
FOR  PROTECTION  OF  POLLUTION-RESPONSE  DEVICES 


Table  2,  which  follows,  lists  recommended  design  features  and  tech¬ 
niques  for  protecting  pollution-response  equipment  from  debris.  The  recom¬ 
mendations  are  listed  by  effect  and  effect  subcategory.  Where  no  recommenda¬ 
tion  for  protection  or  minimization  of  effect  can  be  made,  none  is  entered 
for  that  category. 
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TABLE  2 

RECOMMENDED  DESIGN  FEATURE/PROTECTION  TECHNIQUE 


Effect 

Effect 

Sub-Category 

Recommended  Design  Feature/ 
Protection  Technique 

Containment  Device 
Breaking 

Impact  of  Single 
Large  Debris 
Pieces 

Tension  member 

Proper  deployment 

Debris  handling 

Forces  from 

Large  Quantity 
of  Debris 

Continuous  debris  handling 

Tension  member 

Containment  Device 
Puncturing  Break¬ 
ing  and  Chaffing 

Reinforced  boom  material 

Debris  handling 

Containment  Device 
Upsetting 

Tension  or  flotation  member  placed  to 
resist  overturning  moments 

Debris  handling 

Containment  Device 
Forced  Submergence 

Reserve  buoyancy  to  support  medium 
sized  debris 

Debris  handling 

Sinking  of 
Containment  Device 

Redundant  and  compartment ized  reserve 
flotation 

Puncture  resistant  materials 

Debris  handling 

Lifting  Up  of 
Containment  Device 

Due  to  Rolling 
Over  of  Log 

Design  with  sufficient  draft 

Due  to  Wedging 
of  Debris 

Manual  tending 

Snagging 

Snagging  of 

Lines  and 
Connection 

Enclose  all  lines,  connections,  etc. 
with  cover 

Eliminate  projections,  put  on  other 
side  of  barrier 

Snagging  of 
Flotation 

Put  floats  on  one  side,  away  from  de¬ 
bris 

Containment  Device 
Permanent  Repair 

Use  proven  local  field  methods 

Follow  manufacturer's  recommendations 

Containment  Device 
Temporary  Repairs 

Use  proven  field  methods 

Follow  manufacturer's  recommendations 
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TABLE  2 .  (Continued) 


Effect 

Effect 

Sub-Category 

Recommended  Design  Feature/ 
Protection  Technique 

Deployment 

Hindrance 

Debris  handling 

Deployment  devices 

Transfer  Systems 
Clogging 

General  Debris 

Inlet  screen  or  strainer 

Backf lushing 

Pump  selection 

Oversized  plumbing 

F ilamentous 

Piece  s 

Trash  grinder 

Cleanout  access 

Jamming  or  Seizing 
of  Pumps 

General  Debris 

Inlet  screens 

Proper  pump  selection 

Oversized  plumbing 

Cleanout  access 

Plastic  Sheets 

Trash  grinders 

Cleanout  access 

Oversized  plumbing 

Blocking  of 

Intake  Opening 

Manual  tending 

Backf lushing 

Bridging  of 

Recovery  Device 

Medium  and 

Large  Debris 

Trash  screens 

Manual  tending 

Small  Debris 

Manual  tending 

Trash  screens 

Reservoir  Clog¬ 
ging  of  Recovery 
Device 

Intake  trash  screens 

Manual  tending 

Trash  grinders 

Physical  Damage 

Due  to  Debris 

Impact 

Fenders 

Propeller  shrouds 

Protective  frames 

Heavy-duty  construction 

Upsetting  of  Trim 

Debris  handling 

Adjustable  trim  and  ballast 

Adjustable  weirs 

Displacement 

Changes 

Debris  handling 

Adjustable  ballast 
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Ef f ect 

Effect  Sub-Category 

Drum  and  Disc 
Wiper  Damage 


Sorbent  Belt 
Clogging 

Debris  Wiping  Oil 
off  of  Drums  or  Disc 

Dispersment  of 
Sorbents 

Propeller  Damage 


Engine  Inlet 
Fouling 

Personnel 

Safety 


(Continued) 


Recommended  Design  Feature/ 
Protection  Technique 

Trash  screens 
Manual  tending 
Wiper  shields 

Trash  screen 


Debris  tending 
Trash  screens 

Debris  handling 
Debris  fence 

Propeller  shrouds 
Jet  drives 

Heavy-duty  propellers 

Inlet  strainer 
Backflushing 

Correct  application  of  equipment 
Careful  navigation  and  seamanship 
Life  jackets 
Safety  helmets 
Shoes  and  gloves 
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F. _ SUMMARY 


Debris  has  reduced  the  efficiency  of  recovery  equipment  in  many 
spill  situations.  This  has  been  especially  true  in  spills  where  a  great 
quantity  of  debris  has  been  present  or  in  spills  where  high  currents  and 
debris  are  involved.  Some  of  the  debris  effects  hamper  spill-recovery  opera¬ 
tions  without  damaging  recovery  equipment.  Other  debris  effects  cause  physi¬ 
cal  damage  to  the  equipment.  Design  features  and  protection  techniques 
have  evolved  in  attempts  to  eliminate  or  minimize  the  effects  of  debris  on 
spill-recovery  equipment  and  operations.  Many  of  these  design  features  have 
been  successful  in  performing  their  desired  functions.  Protection  techniques 
have  also  been  successful,  except  that  many  require  the  use  of  relatively 
costly  manual  labor.  Some  of  the  design  features  and  protection  techniques 
that  are  used  in  local  areas  of  the  United  States  would  be  useful  in  other 
local  areas  for  increasing  the  spill-recovery  efficiency  of  operations  where 
debris  is  present. 


G.  CONCLUSIONS 


(1)  Present  barrier  designs  are  marginally  adequate  or  inadequate 
for  containment  of  debris  in  high  tidal  or  river  currents.  The  forces 
developed  will  fail  many  barriers  or  upset,  sink,  or  submerge  others,  destroy¬ 
ing  their  oil-containment  capability. 

(2)  In  many  past  circumstances,  containment  devices  have  been 
used  to  contain  large  amounts  of  debris  in  relatively  strong  currents. 

Very  little  knowledge  concerning  the  forces  developed  in  the  containment 
devices  in  these  situations  exists. 

(3)  All  commercially  available  containment  devices  are  designed 
primarily  to  contain  oil.  No  currently  available  barriers  have  been  speci¬ 
fically  designed  to  contain  debris. 

(A)  Currently  available  recovery-equipment  designs  have  more 
design  features  for  minimizing  or  eliminating  debris  effects  than  do  con¬ 
tainment  devices. 
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(5)  No  currently  available  recovery  devices  can  recover  oil  and 
debris  effectively  in  large  quantities  of  heavily  concentrated  debris.  The 
devices'  skinning  performance  or  their  inability  to  handle  the  large  quan¬ 
tity  of  debris  restricts  their  performance  In  these  situations. 

(6)  More  widespread  application  of  presently  known  design  fea¬ 
tures  and  protection  techniques  could  greatly  improve  spill-recovery  effi¬ 
ciency  where  debris  is  present. . 

(7)  Many  of  the  debris  problems  observed  with  recovery  equipment 
occur  due  to  the  use  of  the  equipment  for  applications  other  ti.an  those  for 
which  it  was  intended.  This  is  especially  true  for  the  use  of  light  bar¬ 
riers  in  heavy  debris  situations  and  high  currents. 

Vacuum-type  transfer  systems  appear  to  cause  the  least  trouble 
of  all  systems  observed  whei.  debris  damage  and  tingling  are  concerned. 

Their  incorporation  into  skimmers  used  in  moderate  and  severe  debris  situa¬ 
tions  could  improve  spill -response  effi  i.'ncy. 


H .  R_K  COMMENDATIONS 

(1)  The  typical  forces  developed  in  containment  systems  when 
debris  and  currents  are  present  should  be  investigated  to  allow  comprehen¬ 
sive  containment-system  design.  Containment  systems  could  then  be  rated 
for  use  in  particular  types  of  debris  situations. 

(2)  The  determination  of  typical  forces  developed  when  large 
debris  impacts  skimmers  should  be  determined  to  allow  skimmers  to  be  design¬ 
ed  so  as  to  be  capable  of  withstanding  these  impacts.  Skimmers  could  also 
be  rated  for  use  in  various  debris  situations. 

(3)  The  development  of  design  guidelines  to  improve  resistance 
of  pollution-response  equipment  to  debris  effects  is  necessary  before  a 
useful  specification  for  equipment  to  be  used  with  debris  can  be  generated. 
This  would  allow  procurement  of  debris-compatible  equipment  in  areas  where 
debris  Is  a  problem. 

(4)  A  standard  debris-barrier  design  to  be  used  on  scene  for  de¬ 
bris  containment  should  be  developed  to  eliminate  some  of  the  containment 
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failures  that  currently  take  place  in  spills  where  debris  is  present.  This 
barrier  design  could  be  either  purchased  beforehand  or  fabricated  on  site 
by  the  spill-cleanup  personnel. 

(5)  The  determination  of  the  mechanical  behavior  of  debris  con¬ 
tained  behind  a  barrier  in  a  current  is  necessary.  This  would  allow  better 
containment  barriers  for  debris  to  be  developed.  Optimal  designs  for  con¬ 
taining  both  debris  and  oil  could  also  be  developed  with  this  knowledge. 

(6)  Factors  affecting  transfer-system  performance  in  spills  with 
debris  should  be  evaluated  in  depth.  These  factors  would  include  viscosi¬ 
ties  of  fluids  to  be  pumped,  pumping-head  requirements,  velocities  developed 
in  the  system,  the  amount  of  oil/water  mixing  that  takes  place,  and  the 
tolerance  of  the  particular  system  to  debris.  Including  debris  effects  in 
the  evaluation  of  these  other  considerations  would  allow  the  selection  of 
optimum  systems  for  the  situation  rather  than  just  the  optimum  system  for 
debris  tolerance. 

(7)  When  designing  or  modifying  systems,  attempts  should  be  made 
to  use  the  largest  practical  nominal  piping  with  large-radius  bends.  The 
use  of  large-diameter  piping  system  is  a  feature  of  most  transfer  systems 
that  have  minimal  debris  problems. 

(8)  Large,  easily  opened  clean-out  openings  should  be  designed 
into  storage  containers  to  eliminate  some  of  the  difficulties  that  are  en¬ 
countered  with  inlet  clogging  and  tank  clean-out. 

(9)  Inlet  screens  designed  for  use  on  transfer-system  inlets 
should  have  a  surface  area  much  larger  than  the  pipe  cross-sectional  area. 
This  would  minimize  inlet  blocking  and  clogging  problems  caused  by  small 
debris.  The  use  of  spherical  screen  reinforced  by  a  frame  is  suggested. 

(10)  Spares  for  key  components  of  skimmers  and  barriers  should 
be  readily  available  for  replacement  of  damaged  equipment  at  the  spill  site. 
This  would  minimize  the  effect  of  equipment  downtime  due  to  debris  damage 
on  the  overall  spill-recovery  operation. 

(11)  Filtering  elements  capable  of  stopping  filamentous  debris 
such  as  fishing  line,  rope,  and  kelp  should  be  developed  for  use  with  dia¬ 
phragm-pump-type  skimmers  and  transfer  systems.  These  devices  should  also 
be  capable  of  stopping  sticks.  The  use  of  these  devices  would  eliminate 
clogging  of  check  valves. 
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(12)  A  field  book  for  on-scene  commanders  which  would  give  infor¬ 
mation  on  how  to  build  debris  fences,  useful  hand  tools,  considerations  in 
deploying  barriers,  and  debris-handling  techniques  for  use  with  skimmers 
and  barriers  should  be  developed.  The  book  would  foster  the  rapid  construc¬ 
tion  and  deployment  of  useful  improvised  equipment  during  a  spill  situation. 

(13)  The  use  of  trash  or  garbage  grinders  to  reduce  debris  to 
more  readily  pumpable  or  handleable  forms  should  be  investigated.  (Apparent¬ 
ly  the  U.  S.  Navy  is  pursuing  such  a  program  and  has  issued  development  con¬ 
tracts  and  a  recent  RFP  on  this  subject.) 
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APPENDIX  A 


INDIVIDUALS  CONTACTED  IN  PERSON 


Appendix  A  contains  the  names  and  addresses  of  individuals  who 
were  interviewed  in  person  during  the  study. 
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TABLE  A.  INDIVIDUALS  CONTACTED  IN  PERSON 
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APPENDIX  B 


INDIVIDUALS  CONTACTED  BY  TELEPHONE 


Appendix  B  contains  the  names,  locations,  and  telephone  numbers 
of  individuals  contacted  by  telephone  during  the  study. 
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Clean  Seas,  Inc.  Mr.  Wade  Southern  California  Coastal  -  Booms 

Santa  Barbara,  CA  and  skimmers 

(805)  963-3488 _ _ _ _ _ _ _ _ 


Location  of  Debris  Information 
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Army  Corps  of  Engineers  Don  Thuring  Seattle,  Puget  Sound  -  Debris 

Chief  of  Navigation  and  Flood  Control  handling 

Seattle,  WA 

(20b)  442-4000 _  _ 
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TABLE  B.  (Continued) 
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Location  of  Debris  Information 
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Centri-Spray  Corporation  Mr.  Neil  Skellv  Skimmers 

Livonia,  Michigan 
(313)  534-7000 _ 
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APPENDIX  C 

COMPANIES  WHICH  FURNISHED  POSSIBLE  DEBRIS-HANDLING 
EQUIPMENT  INFORMATION  BY  MAIL 

Appendix  C  contains  the  names  and  addresses  of  companies  that 
furnished  information  in  reply  to  written  debris-handling  equipment  inqui¬ 
ries. 
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APPENDIX  C 


COMPANIES  WHICH  FURNISHED  POSSIBLE  DEBRIS-HANDLING 
EQUIPMENT  INFORMATION  BY  MAIL 


Link-Belt  Material  Handling  Equipment 
Division 

300  West  Pershing  Road 
Chicago,  Illinois  60609 

Syntron  Division 
Homer  City,  PA  15748 


Hiab  Hydraulic  ,  Inc. 

3404  Lancaster  Pike 
Wilmington,  Del.  19805 

Liftex  Slings,  Inc. 

Box  368-TR 

Libertyville,  Ill.  60048 

The  Ehrsam  Company 
300  N„  Cedar 
Abilene,  Kansas  67410 

Clark  Equipment  Company 

Melroe  Division 

Gvinner,  Nort'.  Dakota  58040 

Kysor/Brucio  Div.  of  Kysor  Industrial 
Corp. 

1752  Alpine,  N.W. 

Grand  Rapids,  Mich.  49504 

Mack  Welding  Company,  Inc. 

8718  Arbor  St. 

Duluth,  Minn.  55808 

Jeffery  Manufacturing  Co. 

956  N.  4th  St. 

Columbus,  Ohio  43216 

Tate  Systems  Division 
705  South  St. 

Baatrice,  Nebraska  68310 


Link-Belt  Material  Handling  Systems 
Division 
3400  Walnut  St. 

Colmar,  PA  18915 

Materials  Handling  Systems,  Inc. 

69  Grassmerr  Ave. 

..’est  Hartford  .Conn.  06110 

'aterials  Handling  Equipment  Co. 
2619-59  N.  Normandy  Ave. 

Chicago,  Ill.  60635 

The  Coldwell  Company,  Inc. 

5049  26th  Ave. 

Rockford,  Ill.  61110 

Union  Steel  Products  Co. 

242  Berrien  St. 

Albion,  Mich.  4922' 

Rova  Iron  Works,  Inc. 

1419  Woodland  Ave. 

Detroit,  Mich.  48211 

Magnesium  Fabricators  Inc. 

Box  45  TR 

Linwood,  Mich.  48634 


Hoeltge,  Inc. 

5238  Crookshank  Rd. 

Cincinnati,  Ohio  45238 

Speed  King  Co.,  Inc. 

P.0.  Box  1438,  TR-72 
Dodge  City,  Kansas  67801 

McDowell  -  Wellman  Engineer ine  Co. 
113  St.  Clair  Ave. ,  N.E. 

Cleveland,  Ohio  44114 
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APPENDIX  C  (Continued) 


Con-Vey  Internationl ,  Inc. 
5318  S.W.  Westgate  Dr. 
Portland,  Ore.  97221 

Heyl  and  Patterson,  Inc. 

800  Seven  Parkway  Center 
Pittsburgh,  PA  15220 

Empire  Engineering  Co. 
Pasadena,  CA 


Peerlesr.Trailer  and  Truck  Service 
P.0.  Box  447-T 
Tualatin,  Ore.  97062 

McCinnes  Manufacturing  Co. 

P.0.  Box  12671-TR 
Houston,  Texes  77017 

Solids  Comersion  Systems  Corp. 

Hopkins,  Minn. 


APPENDIX  D 


ALPHABETICAL  DEBRIS-TYPE  LIST 


The  following  appendix  contains  an  alphabetical  listing  of  the 
debris  items  observed  during  the  study. 
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Bark 

Baseball  bats 

Baseballs 

Birds  (dead) 

Boards 

Boats 

Bot 1 1  us 

Boxes 

Branches 

Brush 


From  trees  and  from  trees  in  log  rafts 

Seagulls,  sparrows,  etc. 

Both  pieces  and  whole  (including  derelicts) 
Metal 

From  trees  and  hushes 

From  banks  of  creeks,  rivers,  etc. 


Came  1 s 

Cans 

Canvas 

Cardboard  boxes 
Cellulose  fibers 
Charcoal 

Cigarette  filters 

Clothing 

Coconuts 

Cof  ferdams 

Conf  et t i 

Cork 

Corn  cobs 
Counterfeit  money 


Shirts,  skirts,  pants,  socks,  coats,  etc. 
Whole  and  in  pieces 

Found  in  quantity  around  passenger  terminals 
Pieces,  small  sheet,  and  blocks 


Dolphins 

Dunnage 


And  pieces  nt  dolphins 


TABLE  D.  (Continued) 


Debris  Type 

Eel  grass 
Egg  crates 
Egg  cartons 
Eyebrow-pencil  heads 

Feathers 

Fences 

Fish 

Fish  boxes 
Fish  heads 
F i sh ing  1  ine 
Flares 

Floating  grass  and  mud 
Floating  grease 
Floating  wax 
Floats 

Flotsam  and  Jetsam 
Front  porches 
Fruit  (floating) 

Cloves 
Ora  i  n 
Crass 

Hatch  covers 

Hawsers 

Hay 

Hemp 

Horses  and  cows 
Houseboats  and  floathouses 


Comments 


Pieces  ol  whole  fences 
From  red  tide,  algae  kills 


Burnt 


Both  fishing  and  mooring 

From  trees  and  lost  cargo 

Canvas  and  rubber 


Dead 


TABLE  D,  (Continued) 


Debris  Type 

Household  furniture 

Houses 

Human  bodies 

Husks 

Hyacinth 

Inner  tubes 

•  lei  lyf  ish 

Ke  1 p 

Ke I p  seeds 

l.atex 

Leaves 

Life  jackets 
Life  preservers 
Life  rings 
Light  bulbs 
Lilly  pads 
LNt;  bottles 
Lobster  pot  s 
Log  rafts 
Logs 
Luggage 

Marsh  weeds 
Metal  structures 

Mice 

Milk  cartons 
Mi  ik  crates 


Comment  s 


Corn  and  rice 


Liquefied  natural  gas 


floating  aluminum  and  steel  *  auric 
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ed  items 


TABLE  D.  (Continued) 


Debris  Type 


Continents 


Nets 

Nylon 


Fishing  and  cargo  handling 
Pieces  and  objects 


Oars 

Oil  drums 
Padd I es 

Paint  and  lacquer  cans 

Paint  brushes 

Pallets 

Palm  fronds 

Pape  r 

Paper  cups 
Peat  moss 
Pelts 
Pens 
Perlite 

Pianos  and  organs 
Pieces  of  leather 
Pieces  of  rubber 
Pieces  of  vessels 
Pier  pieces 
Pilings 
Pine  needles 
Ping-Pong  balls 
Planks 

Plastic  bags 
Plastic  bottles 
Plastic  buckets 


55-gallon,  typically 


Newspaper,  craft  paper 
"Dixie"  cups 

An  imal 

Ballpoint,  etc. 

Associated  with  kelp  processing 


173 


TABLE  D.  (Continued) 


Debris  Type 

Plastic  cigar  tops 
Plastic  combs 

Plastic  cups  Rigid  typt. 

Plastic  eating  utensils 
Plastic  hair  curlers 
Plastic  pieces 
Plastic  six-pack  holders 
Plywood  sheets 
"Pop  tops" 

Popcycle  sticks 
Propane  bottles 
Prophylactics 
Pulp  fibers 

Kags 

Railroad  ties 

Ra  t  s 

Reeds 

Refrigerators  Also  freezers 

Resin  heads 
Root  s 
Rope 

Rubber  bands 

Rubber  thong  sandals  Also  called  "Zorin1 

Saw  grass 
Sawdust 
Scaffolding 
Sea  I  s 


Comments 
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TABLE  D.  (Continued) 


Debris  Type 

Seaweed 

Seeds 

Sewer  floatables 
Sheet  plastic 
Sheets 
Shoe  laces 
Shoes 

Sinker  boats 

Slash  (from  logging) 

Sleeping  bags 

Small  animals 

Soap  cartons 

Sorbent  pads 

Sorbents 

Sponges 

St icks 

Straw 

St  raws 

Styrene  coolers 

Tall ow 
Tar 

I e 1 r phone  poles 
Tennis  ba  1  1 s 
Timbers 
Tins 

I  not  hbrushes 
Ti  >wi  ■  1  s 
toys 


Comments 


Crease,  solids,  etc. 

Bedding  sheets 

Leather,  canvas,  and  rubber 

Remains  of  trees  left  from  logging  operations 
Rolled  and  unrolled 
Dead  dogs,  cats,  etc. 


Bulk  type 


Drinking  straws 
Whole  and  in  pieces 


Including  pieces  ot  toys 


I  /  a 


TABLE  D.  (Continued) 


Debris  Ty|>e  Comments 

Tree  stumps 
Tree  trunks 
Turtle  grass 

V  i  stpieen  sheets  Plaslit  sheets  used  tut  rove  ring  ship  i.irgn 

Wa  x 
Weed  s 

Wood  ehips 


APPENDIX  E 


DEBRIS  CATEGORIZATION 


Appendix  E  contains  listings  of  debris  items  that  have  been  clas¬ 
sified  under  eight  general  debris  categories. 


TABLE  E.  DEBRIS  CATEGORIZATION 


Category  I 

-  General  Wood  1  terns 

•  -  -  - -  - 

Sma  1 1 

Med  i  utn 

Large 

Bark  pieces 

Bark  pieces 

Boa rds 

Boards 

Baseball  hats 

Game  1 s 

Branches 

Boards 

Dolphins  (p 

Brush 

Branches 

Logs 

Popsicle  sticks 

Brush 

Oars 

Sawdust 

Game  1 s 

P  i  1  r  pi  i-i  es 

Slash 

Dolphins  (pieces  ol ) 

P i 1 i ngs 

St  irks 

Oars 

P  1  .inks 

Wood  chips 

Paddles 

Seal  1 .  ' 

Pier  pieces 

1.  1, 

Planks 

1  i  min  r 

Railroad  ties 

1  i  ee  s  1  1 1 IT 1 1 

Roots 

Sea f  f old ing 

Slash 

Sticks 

Tree  stumps 

Tree  t  ranks 

i  1 ci  1  ranks 

<>l  ) 
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TABLE  E.  (Continued) 


Category  II  -  Non-Rigid  Shapes 
Sma  1 1 


Birds 

Cows 

Cardboard  boxes 

Horse 

Fish 

Human 

Fish  heads 

I’alm 

Floating  grass  and  mud 

Sea  1  s 

c  1  umps 

T  i  res. 

Inner  tubes 


Jcl ly  f i sh 
Life  jackets 
Mice 
Rats 

Rolled  sleeping  bags 
Rubber  gloves 
Shoes 


large 

bod i es 
ronds 


TABLE  E.  (Continued) 


Category  III  -  Rigid  Shapes 


. Small 

Medium 

_  Large 

Charcoal  pieces 

Cork  blocks 

Boats 

Cigarette  filters 

Corn  cobs 

Cofferdams 

Corks 

Egg  cartons 

Front  porches 

Eyebrow-pencil  heads 

Egg  crates 

Houseboats 

Flares 

Fish  boxes 

Household  furniture 

Floats 

Flares 

Houses 

Grain 

Floats 

Log  rafts 

Kelp  seeds 

Household  furniture 

Metal  structures 

Nylon  pieces 

Life  preservers 

Organs 

Plastic  cigar  tips 

Life  rings 

Pianos 

Plastic  eating  gear 

Lobster  pots 

Pieces  of  boats 

Plastic  hair  curlers 

Luggage 

Pieces  of  cofferdams 

"Pop-tops" 

Metal  boxes 

Refrigerators 

Resin  beads 

Metal  structures 

Seeds 

Milk  crates 

Toys 

Nylon  objects 

Paint  brushes 

Pens 

Pieces  of  boats 

Pieces  of  cofferdams 

Plastic  buckets 

Plastic  combs 

Plastic  cups  (rigid) 

Styrene  coolers 

Tires 

Toothbrushes 

Toys 
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TABLE  E.  (Continued) 


Category  IV -Flexible  Sheets 


Small 

Canvas 

Clothing 

Cork  sheets 

Corn  husks 

Counterfeit  money 

Cloves  (canvas  or  cloth) 

Hyacinth 

Latex  (solid  torm) 

Leaves 
Lily  pads 
Paper 
Pelts 

Pieces  ot  leather 
Pieces  ot  rubber 
Plastic  bags 

Plastic  six-pack  holders 

Prophylactics 

Rags 

Rubber  thongs 
Sheet  plastic 
Sorbent  pads 
Towels  (tace) 


Large  _ _ 

Canvas 

Clothing 

Cork  sheets 

Latex  (solid  form) 

Paper 
Poll  s 

Pieces  of  leather 
Pieces  of  robber 
Plastic  bags 
Hags 

Sheet  plast  ic 
Sheets  (bedding) 

Sleeping  bags  (unrolled) 
Sorbent  pads 
Towels  (bath) 


TABLE  E.  (Continued) 


Small _ 

Bark 

Pieces  of  styrene 
Plastic  pieces 
Plywood  pieces 


Category  V  -  Rigid  Sheets 
Med_i  uni 

Bark 

Hatch  covers 
Pallets 

Pieces  of  fence 
Pieces  of  scaffolding 
Pieces  of  styrene 
Plastic  pieces 
Plywood  sheets 


Large 

Fences 

Hatch  covers 
Pallets 

Pieces  of  scaffold¬ 
ing 

Plywood  panels 
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TABLE  E.  (Continued) 


Category  VI-  Amorphous  Material 
Algae 

Bulk  sorbents 

Floating  grease 

F iont i ng  wax 

Peat  moss 

Perlite 

Rice  husks 

Sewer  floatahles 

Tallow 

Tar 

Wax 


183 


TABLE  E.  (Continued) 


Category  VII  -  Filamentous  Pieces 


Individual  Pieces 


Croups  of  Pieces 


Cellulose  fiber 

Confetti 

Drinking  straw 

Eel  grass 

Feather 

Fishing  line 

Crass 

Hawser 

Hay 

Hemp 

Kelp 

Marsh  weed 
Ne  t  s 

Pulp  fiber 

Reed 

Rope 

Rubber  band 
Saw  grass 
Seaweed 
Shoe  lace 
Straw 

Turt legrass 


Cellulose  fibers 

C.onfott  i 

Eel  grass 

Feathers 

Fishing  1 i ne 

Crass 

Hay 

Hemp 

Ke  I  p 

Marsh  weeds 
Nets 

Pine  needles 
Pulp  fibers 
Reeds 
Rope 

Saw  grass 
Seaweed 
Shoe  laces 
St  raw 
Woods 


TABLE  E.  (Continued) 


Category  VIII  -  Special  Cases 


Circular  or  Spheric;,  1- 
__  Surfaced  Objects 

Basebal  Is 

Coconuts 

Fruit 

Class  bottles 
Light  bulbs 
LNC  bottles 
Oil  drums 

Faint  and  lacquer  cans 
Ping-Pong  balLs 
Plastic  bottles 
Propane  bottles 
Tennis  balls 


Fabricated  Paper 

Milk  cartons 
Paper  cups 
Soap  cartons 


1  terns 


185 


APPENDIX  F 


REGIONAL  DEBRIS  DESCRIPTIONS 


Appendix  F  contains  regional  descriptions  of  the  types  and  quan¬ 
tities  of  debris  which  are  found  in  the  various  areas  researched  during  the 
course  of  this  study.  Past  local  experience  with  debris  in  oil  spills  is 
given  where  possible. 
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TABLE  F.  REGIONAL  DEBRIS  DESCRIPTIONS 


Debris  Encountered 

- by  Category _ Description 


New  England  Region  -  Northern  New  England  Coast 


General 

Wood  Items  Wooden  debris  is  found  scattered  throughout  this  region. 

Tree  limbs,  trunks,  roots,  and  branches  due  to  logging 
activities  and  to  natural  erosion  come  down  the  rivers 
into  the  ocean  during  the  spring,  summer,  and  early 
fall.  The  higher  nominal  water  level  in  the  spring, 
caused  by  snowmelt  and  ice  thaw,  brings  down  the  highest 
continuing  seasonal  quantity  of  wooden  material.  The 
quantity  in  most  of  the  Northeast  during  normal  periods 
consists  of  periodic  items  of  wood  which  enter  the  off¬ 
shore  areas  one  piece  at  a  time.  Generally,  the  frequency 
of  occurrence  of  wood  on  the  water  will  increase  as  the 
water  level  in  major  rivers  increases.  The  size  of  wood 
encountered  can  vary  from  twigs  up  to  occasional  entire 
trees.  When  a  severe  storm  such  as  a  hurricane  occurs, 
the  debris  quantity  found  In  the  rivers  can  increase 
drastically.  Material  that  is  normally  stranded  on  river 
banks  above  the  waterline  will  come  down  during  these 
periods.  Erosion  and  breakage  of  tree  limbs  is  also 
highest  during  and  after  severe  storm  periods.  Concen¬ 
trated  patches  of  wood  consisting  of  small,  medium,  and 
large  items  can  be  expected  on  the  water  after  a  hurricane. 

The  wooden  debris  that  enters  the  offshore  area  tends  to 
collect  on  the  few  sandy  beaches  that  are  found  in  the 
region.  The  debris  will  normally  be  stranded  on  the 
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Debris  Encountered 
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General 
Wood  Items 
(Continued) 


beach  above  the  high-tide  line  and  would  come  off  in 
quantity  only  when  flood  tides  and  offshore  winds  occur. 


As  a  general  note,  the  quantity  of  wood  that  is  found  in 
this  region  is  minimal  when  compared  to  port  areas  in  the 
northwest  United  States. 


Non-Rigid 

Shapes  Occasional  fish  kills,  due  to  natural  effects  or  pollution, 

occur  in  the  area.  During  these  times,  concentrations  of 
dead  fish  can  be  found  floating  on  the  surface. 

Rigid  Shapes  Fishing  floats,  lobster  pots,  and  fish  boxes  of  various 

sizes  are  found  floating  in  the  area.  They  are  usually 
found  one  at  a  time. 


Flexible 

Sheets  Leaves  are  found  floating  in  nearshore  areas,  especially 

during  autumn  months.  They  can  be  found  completely 
covering  the  surface  of  some  coves,  eddies,  and  bays  in 
the  fall. 


Filamentous  Pieces  Eel  grass,  marsh  grass,  and  seaweed  are  found  in  very 

large  quantities  in  this  region.  To  a  lesser  extent, 
straw  is  also  found  in  certain  locations.  Concentrated 
areas  of  dead  material  are  found  in  back  bays,  marshes, 
and  on  beaches  each  fall.  The  same  material  may  be 
driven  off  the  beaches  and  out  of  marshes  when  spring 
high  water  or  flood  tides  and  offshore  winds  occur 
together.  _ 
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Filamentous  Pieces 
(Continued) 


Another  source  of  loose  floating  material  is  the  kelp  and 
eel  grass  that  is  killed  or  contaminated  during  a  spill  by 
the  oil.  This  material  is  usually  collected  with  the  oil 
and  can,  in  areas  of  heavy  concentration,  present  a 
handling  problem.  The  quantity  of  material  mixed  with 
the  oil  on  the  water  during  a  medium  spill  can  be  esti¬ 
mated  to  be  25  to  500  percent  of  the  amount  of  oil 
recovered. 


An  extreme  example  of  the  quantity  of  vegetation  that  can 
occur  in  a  small  spill  in  this  region  is  the  Piscataqua 
River  spill  in  Portsmouth,  New  Hampshire.  1,000  to  1,500 
gallons  of  No.  6  fuel  oil  were  recovered.  An  estimated 
60  tons  of  oil-soaked  eel  grass  had  to  be  recovered  with 
the  oil^  1  ‘  . 


New  England  Region  -  Southern  New  England  Coast 


General  Wood 
Items,  Non-Rigid 
Shapes,  Rigid 

Shapes  Generally,  the  same  as  Northern  New  England  Coast. 


Filamentous  Pieces  This  area  is  similar  to  the  Northern  New  England  area 

except  that  the  concentration  of  seaweed  is  slightly 


(1)  Conversation  with  J.  Conlon,  of  Environmental  Protection  Agency,  Boston 
Office  (November  27,  1973). 
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Filamentous  Pieces 
(Continued) 


less  and  the  concentration  of  marsh  grass  is  slightly 
more.  The  total  quantity  of  these  materials  that  could 
be  expected  in  a  spill  is  about  the  same. 


Another  local  source  of  material  in  an  area  can  be  debris 
(mostly  dead  seaweed  and  marsh  grass)  that  has  been 
deposited  on  unused  beaches.  The  debris  will  come  off 
the  beach  during  flood  tides  and  offshore  winds.  As  this 
area  has  much  more  beach  area  than  northern  New  England, 
the  total  quantity  of  material  floated  off  the  beaches  in 
these  conditions  in  a  large  spill  will  be  greater. 


New  England  Region  -  Portland  Harbor 


General 

Wood  Items  Timbers,  pilings,  boards,  pieces  of  piers,  planks,  and 

other  manufactured  pieces  of  wood  are  found  floating  in 
the  Portland  Harbor  area.  Small,  medium,  and  large  pieces 
occur  in  approximately  equal  distributions.  The  sources 
of  this  debris  are  derelict  vessels  and  dilapidated  piers 
which  collapse  or  decay  causing  wood  to  enter  the  water. 

A  burned  out  pier  which  is  a  source  of  large  wood  pilings 
is  shown  in  Figure  F-l . 

The  quantity  of  wood  that  is  found  in  Portland  Harbor  is 
moderate  relative  to  other  Northeast  ports.  The  amount 
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FIGURE  F-l .  BURNED  OUT  PIER  IN  PORTLAND,  MAINE 


TABLE  F.  (Continued) 


Debris  Encountered 

by  Category _  Description _ 

normally  present  can  be  estimated  from  a  summer  debris 
cleanup  project  undertaken  in  the  Harbor  in  1968^^.  In 
daily  cleanup  operations  ranging  from  4  hours  to  8  hours 
per  day,  amounts  of  debris  (mostly  wood)  varying  from  5 
to  50  cubic  feet  were  collected.  It  is  estimated  from 
the  daily  data  that  the  average  amount  of  wood  picked  up 
daily  was  25  cubic  feet.  This  amount  of  wood  could  be 
expected  in  a  small  spill.  In  a  medium  or  large  spill, 
amounts  one  or  two  orders  of  magnitude  larger  could  be 
expected.  The  material  would  be  concentrated  in  some 
areas  of  the  Harbor  and  found  one  piece  at  a  time  in 
others . 

Rigid  Shapes  Pieces  of  boats,  whole  boats,  floats,  and  other  discrete 

pieces  could  be  expected  to  be  floating  in  the  Harbor. 

Filamentous  Pieces  Amounts  of  marsh  grass,  seaweed,  straw,  leaves,  and  other 

similar  material  are  found  in  the  Portland  Harbor  area. 

The  quantity  on  the  water  is  greatest  during  the  fall  and 
spring.  Large  fall  concentrations  occur  because  of  the 
amount  of  material  that  dies  with  the  onset  of  cold 
weather.  This  material  tends  to  stay  on  the  water  until 
the  wind  drives  it  ashore.  The  large  spring  concentra¬ 
tions  occur  because  the  high  water  brings  dead  material 
off  of  the  high  water  line  of  the  shore. 

(1)  Letter  of  October  31,  1968,  from  K.  Otenti,  of  the  Neighborhood  Youth 

Corps  of  Portland,  to  B.  Langlois,  Chairman  of  the  Portland  Harbor  Pollu¬ 
tion  Abatement  Committee. 


General 
Wood  Items 
(Continued) 
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Filamentous  Pieces  The  concentrations  of  the  material  discussed  above  can  be 

(Continued) 

quite  heavy.  In  some  small  spills  in  the  Portland  area, 

50  percent  of  the  recovered  material  was  debris.  Most  of 
this  material  consisted  of  grass  and  seaweed. 

Special  Cases  Oil  drums  are  frequently  encountered  floating  in  the 

Portland  Harbor  area.  At  least  one  or  two  would  be 
encountered  in  a  medium  sized  spill. 

New  England  Region  -  Boston  Harbor  Area 

General 

Wood  Items  Most  of  the  floating  debris  found  in  the  Boston  Harbor 

area  is  wood.  Accordingly,  available  quantity  information 
is  listed  under  this  catagory  even  though  objects  other 
than  wood  items  are  found. 

Wood  and  other  debris  come  from  one  of  several  sources — 
illegal  dumping,  dilapidated  shorefront  structures, 
wrecked  vessels,  and  shorefront  dumps  found  around  the 
area.  The  illegal  dumping  activities  are  estimated  to 
contribute  45  to  50  percent  of  the  total  amount  of 
floating  material.  The  dilapidated  shorefront  struc¬ 
tures  and  wrecked  vessels  cause  most  of  the  remaining 
debris.  Dumps  are  a  minor  source  of  debris^.  There 

(1)  Department  of  the  Army,  New  England  Division,  Corps  of  Engineers, 

"Boston  Harbor  (Debris  Study),  Massachusetts,  Survey  (Review  of  Reports)" 
(July  1973). 
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General 
Wood  Items 
(Continued) 


are  186  wholly  dilapidated  and  105  partially  dilapidated 
waterfront  structures  in  this  area.  The  structures  are 
estimated  to  contain  3.25  million  cubic  feet  of  wood 
that  could  eventually  find  its  way  into  the  Harbor. 

The  1973  Corps  report  also  lists  96  derelict  vessels  in 
the  Harbor 


Estimates  of  the  mix  of  large,  medium,  and  small  debris 
found  in  the  Boston  area  were  quoted  by  A.  Fournier,  who 
operates  the  Corps-sponsored  harbor  cleanup  activity. 
Percentages  normally  found,  by  weight,  are — large,  65 
percent;  medium,  20  percent;  and  small,  15  percent. 

Estimates  of  the  quantity  of  debris  found  in  the  Boston 
area  are  also  estimated  in  Reference  1.  The  amount  of 
debris  stranded  on  the  shoreline  and  the  material  nor¬ 
mally  in  the  intertidal  zone  is  quoted  as  a  total  of 
75,000  cubic  feet.  Material  not  located  on  the  shore¬ 
line  or  in  the  water,  that  could  ultimately  find  its  way 
into  the  Harbor  as  debris,  is  listed  as  4  million  cubic 
feet.  Approximately  20,000  cubic  feet  of  drift  is 
estimated  as  being  the  normal  amount  of  free-floating 
debris  located  in  the  intertidal  zone  during  1969. 

During  severe  storms,  such  as  Northeasters,  that  have 
high  water  and  unusual  winds,  as  much  as  the  entire 

(1)  Army  Corps  of  Engineers,  New  England  Division,  op  cit. 
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General 
Wood  Items 
(Continued) 


estimated  75,000  cubic  feet  of  wood  could  be  found 
floating  off  the  shorelines. 


Most  of  the  material  in  the  Harbor  is  found  concentrated 
underneath  wharfs,  in  the  corners  of  slips,  or  in  back¬ 
water  areas  such  as  the  Chelsea  Creek  area.  The  amount 
of  material  normally  found  floating  in  the  open  water  of 
Boston  Harbor  will  be  much  less.  The  small  cleanup 
operation  sponsored  by  the  Corps  normally  picks  up  160 
cubic  feet  of  material  per  day. 


The  amount  of  material  that  could  be  expected  in  spills 
can  be  roughly  estimated  from  the  figures  listed  above. 
For  a  small  spill,  an  amount  of  debris  in  the  20-  to 
200-cubic-foot  range  could  be  expected  in  open  water. 
Against  a  sheltered-water  area,  with  heavy  debris  concen¬ 
tration,  this  figure  could  double  or  triple.  Medium 
spills  could  have  debris  quantities  in  the  500-  to 
2,000-cubic-foot  range.  Large  spills  could  mean  cleaning 
up  5,000  to  50,000  cubic  feet  of  drift  material.  It  is 
noted  that  the  figures  above  are  very  subjective  guesses 
and  the  amount  of  wooden  debris  that  could  be  expected  in 
a  Boston  Harbor  spill  could  vary  greatly  from  these 
quantities . 

Non-Rigid  Shapes  Dead  fish  are  occasionally  found  floating  in  the  Harbor 

area  due  to  man-made  or  natural  causes.  Quantities  of  as 


195 


TABLE  F.  (Continued) 


Debris  Encountered 
by  Category _ 


Description 


Non-Rigid  Shapes 
(Continued) 


much  as  several  tons  of  fish  are  typical.  Depending  on 
winds  and  currents,  the  fish  are  concentrated  or  scattered 
in  small  patches  of  several  fish  each. 


Shoes,  sponges,  dead  birds,  cardboard  boxes,  tires,  and 
other  non-rigid  shapes  are  found  floating  one  at  a  time. 
Automobile  tires  are  found  in  greatest  quantity. 


Rigid  Shapes  Cigarette  filters,  toys,  plastic  parts,  metal  boxes, 

lobster  pots,  household  furniture,  pieces  of  boats, 
luggage,  milk  crates,  paint  brushes,  refrigerators,  and 
freezers  are  found  an  item  at  a  time  near  the  heavily 
populated  shoreline  areas. 

Flexible  Sheets  Small  and  large  pieces  of  plastic  sheet  materials  and 

articles  of  clothing  are  found  throughout  the  Harbor 
area.  Pieces  of  rubber,  paper,  plastic  "six-pack" 
holders,  towels,  and  rags  are  also  found  floating  in 
small  quantities  (relative  to  the  wood). 

Amorphous  Material  Some  grease  and  wax  is  found  floating  in  parts  of  the 

Harbor. 


Filamentous  Pieces  Pieces  of  rope,  fishing  line,  and  hausers  are  found 

floating  alone  or  mixed  with  wood  in  the  area. 

Special  Cases  Baseballs,  glass  and  plastic  bottles,  light  bulbs,  oil 

drums,  paint  cans,  and  other  cylindrical  or  round- 
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Special  Cases 
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surfaced  objects  are  often  found  mixed  with  the  wooden 
debris  in  the  area.  Milk,  cartons,  paper  cups,  and  soap 
cartons  are  also  found  in  the  same  locations. 


New  England  Region  -  Providence  Area 


General 

Wood  Items  The  Providence  River  and  Harbor  areas  and  the  Seekonk 

River  areas  of  Rhode  Island  have  a  wood  drift  situation 
similar  in  nature  to  Boston,  New  York,  and  Philadelphia, 
but  somewhat  smaller  in  magnitude.  The  extent  of  the 
debris  situation  in  the  area  and  estimates  of  the  cost  to 
clean  up  debris  were  the  subject  of  a  Corps  of  Engineers 
report^.  In  this  reference,  the  sources  of  debris  for 
the  area  are  listed  as —  waterfront  structures,  derelict 
vessels,  loose  onshore  floatable  debris,  and  shorefront 
dumps.  The  material  from  these  sources  that  could 
ultimately  become  debris  is  estimated  from  Reference  1 
as  follows:  Waterfront  structures  (133  dilapidated  and  28 
partially  dilapidated  structures)  represent  a  potential 
479,200  cubic  feet  of  debris  material;  57  wrecked  vessels 
represent  a  potential  197,800  cubic  feet  of  material; 
loose  onshore  material  estimated  as  70,500  cubic  feet 


(1)  Department  of  the  Army,  New  England  Division,  Corps  of  Engineers, 
"Providence  River  and  Harbor/Seekonk  River,  Rhode  Island,  Survey" 
(June  1973). 


197 


TABLE  F.  (Continued) 


Debris  Encountered 
by  Category _ 


Description 


General 
Wood  Items 
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over  a  30-miie  coastal  zone;  and  25  dumps  for  which  no 
estimate  of  potential  debris  is  given.  Most  of  the  above 
material  is  wood. 


Of  the  quantities  listed  above,  the  70,500-cubic-foot 
shoreline  figure  could  be  used  to  estimate  the  quantity 
of  wood  that  can  be  expected  in  a  spill.  In  normal 
conditions,  some  fraction  of  the  figure  could  be  expected 
on  the  water  in  a  spill.  From  the  data  from  the  Boston 
Area  section,  approximately  20,000  cubic  feet  could  be 
estimated  as  normally  being  in  the  intertidal  zone.  Of 
this  material,  the  amount  involved  in  a  spill  would  depend 
on  the  size  of  the  spill.  For  descriptions  of  estimates 
for  small,  medium  and  large  spills  during  normal  weather 
conditions,  the  reader  is  referred  to  the  Boston  Area 
section  discussion.  During  and  after  gales  or  hurricanes, 
however,  the  quantity  of  material  on  the  water  could  be 
expected  to  double  or  triple.  The  structures  and  vessels 
that  are  sources  contribute  most  of  their  wood  during 
storms . 


No  size  definition  is  given  in  Reference  1,  above,  for 
the  debris.  However,  the  percentage  composition  of 
small,  medium,  3nd  large  debris  will  probably  be  similar 
to  the  Boston  Harbor  estimates  (65  percent  large,  20  per¬ 
cent  medium,  and  15  percent  small) . 


(1)  Army  Corps  of  Engineers,  New  England  Division,  op  cit  ("Providence. 
Survey") . 
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Other  Categories  The  debris  that  is  classified  under  the  categories  other 

than  wood  can  be  expected  to  be  similar  to  the  Boston  and 
New  York  situations  except  slightly  smaller  in  magnitude. 
No  estimates  of  type  or  quantity  of  this  debris  are 
available . 


Northeast  Region  -  New  York  Harbor  Area 


General 

Wood  Items  The  predominant  material  found  floating  in  the  New  York 

Harbor  area  is  wood.  Accordingly,  the  following  wood- 
item  discussion  contains  the  debris  quantity  information 
that  is  available  concerning  the  area  even  though  objects 
other  than  wood  are  found. 

The  material  that  enters  the  water  comes  from  one  of  the 
following  sources:  Decay  of  derelict  vessels,  deterior¬ 
ating  wharfs  and  piers,  and  deliberate  and  accidental 
dumping  of  material  into  the  water.  Figures  F-2  and  F-3 
show  typical  examples  of  decaying  piers  and  vessels  in 
New  York.  An  Army  Corps  of  Engineers  survey  report  con¬ 
cerning  the  floating  debris  situation  in  New  York 
Harbor^  estimates  the  quantity  of  debris  found  in  the 
area  and  the  contribution  from  each  source. 


(1)  Department  of  the  Army,  New  York  District,  Corps  of  Engineers, 

"New  York  Harbor  Collection  and  Removal  of  Drift ,  Survey  Report 
on  Review  of  Project"  (June  1968,  Revised  March  1969  and  April 
1971)  . 
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FIGURE  F-2 .  DERELICT  VESSELS  IN  KILL  VAN  KULL,  WESTERN 
END  OF  SHOOTERS  ISLAND,  UNION  COUNTY, 

NEW  JERSEY 


(1)  Army  Corps  of  Engineers,  New  York  District,  op  cit.  Photo  5 
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FIGURE  F-3.  PILING  AND  SUNKEN  BARGES  IN  KILL  VAN  KULL, 
EASTERN  END  OF  SHOOTERS  ISLAND,  RICHMOND 
COUNTY.  NEW  YORK  AND  HUDSON  COUNTY,  NEW 
JERSEY  U' 


(1)  Army  Corps  of  Engineers,  New  York  District,  op  cit.  Photo  5. 
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General 

Wood  Items  The  amount  of  loose,  floating  drift  material  existing  in 

(Continued)  the  Harbor  in  1966  was  estimated  to  be  a  nominal  1,320,000 

cubic  feet.  The  discussion  of  the  debris  sources  in  the 
area  compared  with  the  amount  annually  removed  by  the 
current  Corps  of  Engineers  cleanup  operation  indicated 
that  in  1966  this  figure  was  increasing  yearly.  No 
current  estimates  as  to  the  total  quantity  of  floating 
material  are  available.  Of  the  sources  discussed  above, 
it  was  estimated  that,  in  1964,  113,000  cubic  feet  per 
year  of  material  were  entering  the  Harbor  from  dere¬ 
lict  vessels  and  shore  structures;  97,000  cubic  feet 
per  year  from  the  drift  that  has  collected  on  the 
shore;  and  279,000  cubic  feet  per  year  from  dumping 
directly  in  the  water It  is  noted  that,  of  the  above 
figures,  the  direct  dumping  total  has  probably  decreased 
considerably  due  to  the  advent  of  cargo  containerization. 
Much  of  the  previous  deliberate  dumping  was  due  to  over¬ 
board  disposal  of  dunnage  during  cargo  handling,  which  no 
longer  is  the  practice.  Some  material  continues  to  enter 
the  Harbor  ,  however,  due  to  shoreline  construction  and 
demolition  activities  and  due  to  illegal  domestic  dumping. 

The  nominal  l,320,000-cubic_foot  figure  could  be  expected 
to  increase  during  and  after  severe  storms  or  high  water. 
The  quantify  of  loose  material  on  the  shoreline  was 
estimated  in  Reference  1  to  be  1,300,000  cubic  feet  in 
1964.  The  normal  entry  rates  of  material  from  the  shore 
into  the  water  was  estimated  as  3  percent  of  this  figure 


(1)  New  York  District,  Corps  of  Engineers,  op  cit. 
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for  material  above  the  me an -high-water  line  and  10  percent 
for  material  normally  below  the  mean-high-water  line,  re¬ 
spectively.  In  a  severe  storm  these  rates  could  greatly 
increase.  If  the  above-  and  below-mean-high-water  input 
rates  were  to  increase  in  a  hurricane  to  25  and  50  percent, 
respectively,  the  quantity  of  floating  debris  on  the  water 
immediately  after  a  storm  would  be  increased  by  390,000 
cubic  feet  (without  regarding  sudden  increases  due  to  the 
effect  of  severe  wind  action  on  derelict  structures  and 
vessels) .  This  would  increase  the  total  for  all  floating 
material  on  the  water  to  1,710,000  cubic  feet. 


Concentrations  of  debris  in  New  York  Harbor  occur  in 
slips,  underneath  docks,  and  in  other  locations  where  the 
wind  tends  to  drive  debris  against  a  natural  collector. 
Shifts  in  wind  can  bring  a  great  deal  of  debris  out  of 
these  collector  areas  and  distribute  the  material  over 
the  local  water  surface.  Other  line  concentrations  occur 
in  tidal  rip  areas  or  other  places  where  currents  con¬ 
verge  with  lines  of  material  floating  on  the  surface. 

Debris  size  in  New  York  Harbor  can  vary  from  small  to 
large  with  just  about  any  type  of  manufactured  wood  item 
being  found  at  one  time  or  another.  Normally,  however, 
most  of  the  material  found  (by  weight)  is  large  wood 
items  such  as  timbers,  telephone  poles,  pieces  of 
shoring,  etc.  The  commonly  found  snail  and  medium  wood 
items  are  dimension  lumber.  Figure  F-4  shows  typical 
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FIGURE  F-4.  TYPICAL  WOOD  ITEMS  RECOVERED  IN  NEW  YORK 
OFF  THE  WATER  BY  THE  CORPS 


TABLE  F.  (Continued) 


Debris  Encountered 

by  Category  _ Description _ _ _ 

wood  items  picked  up  off  the  water  by  the  Corps.  Typical 
dockside  debris  and  loose  shoreline  debris  are  shown  in 
Figures  F-5  and  F-6,  respectively.  Estimates  of  the 
quantity  of  wood  that  could  be  expected  in  spills  are 
difficult  because  of  the  local  nature  of  the  debris 
concentrations  in  New  York.  In  some  areas,  even  with 
the  vast  quantity  of  debris  found  in  New  York,  the  debris 
situation  could  be  relatively  minimal.  An  example  of 
this  type  of  situation  is  the  USNS  Towle  spill  of 
July  14,  1971.  The  quantity  of  debris  recovered  with 
the  oil  was  minor.  In  future  spills  in  other  areas, 
especially  large  spills,  much  more  debris  could  become 
involved . 

Non-Rigid  Shapes  Dead  birds,  dead  rats  and  mice,  and  shoes  are  small 

shapes  commonly  floating  in  New  York  Harbor  in  fairly 
large  quantities.  Most  of  these  items  are  found  near 
the  concentrations  of  population  in  the  area. 

Rigid  Shapes  Small  items  found  in  this  category  include  cigarette 

filters,  toys,  and  plastic  items  of  all  types.  Medium 
sized  items  found  include  metal  boxes,  pieces  of  boats, 
tires,  luggage,  plastic  articles,  and  toys,  with  tires 
being  the  most  numerous  .  Large  items  include  boats, 
household  furniture,  refrigerators,  and  other  domestic 
items  which  are  dumped  or  otherwise  find  their  way  into 
the  water.  All  items  in  this  category  are  found  near 
the  population  centers  of  the  area. 


General 
Wood  Items 
(Continued) 
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FIGURE  F-5 .  REMNANTS  OF  BARGE  AND  CATWALK  IN  NEWARK 

BAY,  BAYONNE,  HUDSON  COUNTY,  NEW  JERSEY  U' 


(1)  Army  Corps  of  Engineers,  New  York  District,  op  cit,  Photo  7. 
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FIGURE  F-6.  LOOSE  DEBRIS  ALONG  SHORELINE  OF  NEWARK  . 

BAY,  BAYONNE,  HUDSON  COUNTY,  NEW  JERSEY 


(1)  Army  Corps  of  Engineers,  New  Yo’rk  District,  op  cit.  Photo  7. 
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Debris  Encountered 
by  Category 

Description 

Flexible  Sheets 

Canvas,  articles  of  clothing,  pieces  of  leather,  pieces 

of  rubber,  paper,  towels,  prophylactics,  plastic  bags, 

rubber  thongs,  sheet  plastic,  rags,  sheets,  and  other 

items  are  found,  one  item  at  a  time,  in  many  areas  of 

the  Harbor. 

Rigid  Sheets 

Pieces  of  plastic,  plywood,  hatch  covers,  fences,  pieces 

of  scaffolding,  and  pallets  are  found  in  the  Harbor. 

Plywood  sheets  and  pieces  of  scaffolding  are  common  in 

areas  of  shorefront  construction. 

Amorphous 

Material 

Grease,  wax,  and  other  floatables  from  discharged  sewage 

are  found  in  many  parts  of  the  Harbor  •  No  exact  concen¬ 
trations  of  material  of  this  type  are  available,  but  an 

estimated  25  percent  of  the  approximately  1.5  billion 

gallons  per  day  of  sewage  from  New  York  flowed  into  the 

Harbor  untreated 

Filamentous  Pieces 

Some  rope,  fishing  line,  and  nets  are  found  floating  in 

New  York  Harbor.  The  quantity  of  this  material,  rela¬ 
tive  to  other  contaminants,  is  small. 

(1)  Environmental  Protection  Agency,  "Water  Pollution  Control  Program", 
press  release,  New  York  City  (undated). 
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Debris  Encountered 

by  Category  Description  _ _ 

Special  Cases  Baseballs,  basketballs,  light  bulbs,  LNG  bottles,  oil 

drums,  tennis  balls,  plastic  bottles,  milk  cartons, 
paper  cups,  and  soap  cartons  are  all  found  in  certain 
locations  near  population  centers  in  New  York  Harbor. 
These  items  are  usually  found  several  at  a  time  in  any 
one  location. 

Northeast  Region  -  New  York  Offshore 

General  Items  floating  in  the  open  ocean  offshore  of  New  York, 

such  as  rotting  garbage,  have  been  reported This 
material  apparently  occurs  over  the  ocean  dumping  site 
for  New  York’s  solid  waste.  No  specific  type  or  quan¬ 
tity  information  about  this  material  is  available. 

Northeast  Region  -  Forts  of  Philadelphia  Area 

General 

Wood  Items  The  Ports  of  Philadelphia  area  includes  the  cities  of 

Philadelphia,  Chester,  Trenton,  Camden,  and  Wilmington, 
located  on  the  Delaware  River.  The  Schuylkill  River 
also  joins  the  Delaware  at  Philadelphia. 

(1)  Jones,  Robert  A.,  "N.  Y.  Horror:  Sea  of  Sludge  Lurks  Offshore", 

Los  Angeles  Times  (January  8,  1974). 
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Debris  Encountered 
by  Category 


Description 


General 
Wood  Items 
(Continued) 


General  wood  items  found  in  the  area  include  both  natural 
wood  debris — such  as  trees  and  tree  limbs  from  the  water¬ 
sheds —  and  large  lumber  pieces  from  decaying  docks  and 
abandoned  vessels.  The  natural  wood  debris  is  mainly 
present  during  spring  and  fall  floods.  Debris  from  the 
derelict  structures  and  vessels  is  generally  present  all 
year  round,  with  greatest  concentrations  occurring  after 
high  winds  and  waters.  Much  of  the  wood  contributed  by 
the  decaying  vessels  and  wharfs  in  Philadelphia  comes 
from  the  Pettys  Island  area  where  several  large  wrecks 
and  an  estimated  12  decaying  piers  are  located 
Types  of  debris  from  the  vessels  and  wharfs  include 
timbers,  boards,  pilings,  etc. 


The  quantity  of  wood  found  in  the  Ports  area  is  less  than 

that  located  in  other  Northeast/New  England  ports  because 
of  the  constant  net  outward  current  carrying  material 
downriver.  Although  subject  to  tidal  current  shifts, 
the  River  will  still  ultimately  transport  material  out 
of  the  Ports  area.  An  exception  to  this  limited-quantity 
debris  situation  is  when  severe  storms,  such  as  hurri¬ 
canes,  occur.  In  the  1970  Schuylkill  River  oil  spill 
after  Hurricane  Agnes,  an  estimated  700,000  cubic  feet 
of  material  (mostly  wood)  was  recovered.  (However,  an 
estimated  80  to  90  percent  of  this  material  was 


(1)  Delaware  River  Port  Authority,  "Keep  the  Delaware  Shipshape". 
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Debris  Encountered 
by  Category 


Description 


General 
Wood  Items 
(Continued) 


recovered  from  riverbanks  and  not  from  the  River  itself, 
and  this  estimate  includes  a  quantity  of  debris  that  had 
accumulated  over  a  several-year  period.)  The  Delaware 
River  has  had  a  similar  debris  situation  when  severe 
flooding  occurs. 


The  large  pieces  of  debris  material  normally  found  in 
the  River  are  usually  encountered  one  item  at  a  time. 
Pockets  of  debris  do  not  occur  as  frequently  as  in  other 
Northeast  locations. 


Rigid  Shapes  Some  isolated  boxes,  toys,  crates,  boats,  and  household 

furniture  are  found.  Automobile  tires  are  also  found 
in  certain  locations. 


Flexible  Sheets  Plastic  sheet  material  is  found  here  and  there  in  the 

Ports  area.  Clothing,  towels,  paper,  etc.,  are  found 
less  frequently.  Leaves  are  found  in  quiet  waters  in 
great  quantity  and  concentration  during  the  fall  season. 


Filamentous  Pieces  Grass  is  found,  especially  in  the  fall,  on  the  rivers  of 

the  area.  Patches  on  the  surface  are  common  in  quiet 
waters . 

Special  Cases  Isolated  steel  drums  and  tanks  are  commonly  found  on  the 

River.  These  containers  sometimes  present  a  problem  due 


211 


TABLE  F.  (Continued) 


Special  Cases 
(Continued) 


to  the  hazardous  material  they  contain.  Some  pressurized 
containers  are  also  found. 


Northeast  Region  -  Delaware  Bay  Area 

General  Little  information  on  the  type  and  quantity  of  debris  in 

Delaware  Bay  was  obtained.  Some  wood  is  probably  en¬ 
countered  one  piece  at  a  time  near  the  Delaware  River/ 
Wilmington  area,  but  most  of  what  wood  is  present  in  the 
river  is  driven  ashore  as  it  enters  the  Bay. 

Dead  marsh  grass  can  present  a  debris  problem  in  the  fall. 
Also,  a  spring  or  summer  spill  could  occur  in  a  grassy 
area  thereby  causing  a  debris  problem.  In  terms  of  the 
amount  of  material  to  be  handled,  marine  growth  will  be 
the  greatest  debris  problem  with  a  spill  in  this  area. 


Northeast  Region  -  Baltimore  Harbor  Area 


General 

Wood  Items  Baltimore  Harbor  has  a  floating-wood  type  and  quantity 

situation  similar  to  that  which  is  found  in  New  York 
and  Boston  Harbors.  As  with  other  Northeast  ports,  all 
of  the  driftwood  in  the  Harbor  comes  from  derelict  ves¬ 
sels,  dilapidated  wharfs,  or  deliberate  dumping.  The 


TABLE  F. 


(Continued) 


Debris  Encountered 
by  Category 


Description 


General 
Wood  Items 
(Continued) 


Corps  of  Engineers,  in  1970^,  estimated  that  there  were 

266  wrecks  and  30  dilapidated  structures  which  were  debris 

sources  in  the  Harbor  .  Records  from  the  Maryland  Port 

(2) 

Administration  and  the  Corps  of  Engineers  (both 

organizations  collect  debris  in  the  Harbor)  indicate  that 
approximately  100,000  cubic  feet  of  material  was  recovered 
from  the  Harhor  in  1972.  No  estimates  of  the  amount  of 
wood  present  on  the  water  at  any  one  time  are  available. 
However,  as  the  sources  of  debris  in  Baltimore  are  simi¬ 
lar  to  those  in  New  York,  the  debris  concentrations  in 
Baltimore  Harbor  can  also  be  expected  to  be  similar  to 
those  previously  estimated  for  New  York. 


Winds,  storms,  and  tides  have  large  effects  on  debris 
quantity,  since  there  are  no  major  rivers  entering  the 


(1)  Committee  on  Public  Works,  House  of  Representatives,  91st  Congress, 

2nd  Session  (91-51),  "Report  of  the  Chief  of  Engineers  to  the  Secretary 
of  the  Army  on  A  Study  of  the  Need  for  and  Disposal  of  Drift  and  Other 
Debris,  Including  Abandoned  Vessels,  From  Public  Harbors  and  Associated 
Channels  Under  the  Jurisdiction  of  the  Department  of  the  Army"  (December 
1970). 

(2)  Notes  obtained  from  the  Maryland  Port  Administration  and  the  Corps  of 
Engineers,  Baltimore  Regional  Office. 
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FIGURE  F  7.  TYPICAL  DEBRIS  CONCENTRATION  IN  BALTIMORE 
HARBOR  IN  THE  CORNER  OF  A  SLIP(l) 


Photo  courtesy  of  MarylAnd  Port  Administration,  Baltimore,  Maryland. 
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Debris  Encountered 
by  Category 


Description 


General 
Wood  Items 
(Continued) 


Baltimore  Harbor  area.  The  amount  of  floating  material  on 
the  water  will  increase  with  flood  tides  or  strong  winds 
blowing  on  an  unusual  heading.  The  lack  of  tidal  flushing 
also  contributes  to  the  quantity  found  after  a  storm. 


Other  Types  Other  debris  types  and  concentrations  are  also  similar  to 

those  found  in  New  York  Harbor. 


Northeast  Region  -  Washington.  D.C.  Area 


General 

Wood  Items  Most  of  the  debris  material  found  in  the  Potomac  and 

Anacostia  Rivers  at  Washington  is  natural  wood  washed 
down  during  spring  and  fall  floods  from  the  watersheds 
of  the  two  rivers.  Trees,  tree  trunks,  branches,  limbs, 
etc.,  are  the  main  items.  No  information  on  the  amount 
of  debris  on  the  water  at  any  one  time  is  available, 
although  the  reported  yearly  total  of  debris  removed 
from  the  Potomac  in  1972  was  140,000  cubic  feet. 

As  for  wood  in  oil  spills,  during  high  water  after  storms 
(especially  severe  storms  such  as  hurricanes)  pieces  of 
wooden  debris  could  be  expected  to  be  floating  regularly 
in  the  River.  Calm  backwater  areas,  such  as  coves  and 
eddies,  could  be  expected  to  contain  pockets  of  debris. 
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Debris  Encountered 
by  Category 


Description 


General 
Wood  Items 
(Continued) 


During  normal  water  periods  in  summer,  fall,  and  winter, 
only  occasional  pieces  of  wooden  debris  would  be 
encountered . 


Other  Debris 

Types  Data  on  other  debris  types  and  quantities  introduced  in¬ 

to  the  Rivers  is  not  available.  Some  municipal  debris 
could  be  expected  from  the  concentrations  of  population 
along  the  shore.  The  magnitude  of  this  problem,  however, 
would  be  less  than  in  other  metropolitan  areas  of  the 
East  due  to  the  large  amount  of  park  land  which  lines  the 
Washington  shoreline.  Leaves  could  be  expected  in  great 
quantities  during  the  fall. 


Northeast  Region  -  Chesapeake  Bay  Area 


General 

Wood  Items  Wood  items  are  found  in  the  Chesapeake  Bay  area. 

Isolated  pieces  are  encountered  in  the  open  waters  of  the 
Bay.  In  the  estuaries  and  tidewater  areas,  more  concen¬ 
trated  pockets  of  wood  may  be  found  during  parts  of  the 
year.  Types  of  wood  include  trees,  tree  limbs,  planks, 
boards,  timbers,  and  occasional  pilings. 

The  sources  of  wood  in  the  Bay  are  the  rivers  which  enter 
it  and  the  abandoned  boats  and  derelict  structures  along 
the  shoreline.  The  rivers  introduce  most  of  their  wood 
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Debris  Encountered 
by  Category 


Description 


General 
Wood  Items 
(Continued) 


into  the  estuaries  during  floods  (such  as  occur  during  and 
after  hurricanes).  Most  of  the  wood  in  the  estuaries  is 
held  in  these  zones  due  to  tidal  action  combined  with  the 
wind  driving  the  material  ashore.  Some  derelict 
structures  and  boats  are  located  around  the  shoreline  of 
the  Bay  (an  estimated  1,000  boats  line  the  Maryland 
shore  ).  The  effect  of  these  wrecks  and  derelict 
structures  on  local  debris  concentrations  is  limited, 
however,  due  to  the  great  water  area  through  which  they 
are  dispersed. 


Debris  encountered  in  an  oil  spill  would  probably  be 
limited  to  an  occasional  piece  of  wood  here  and  there, 
with  the  possible  exception  of  river  estuaries  around 
the  Bay  during  a  flood. 


Filamentous 

Pieces  Much  marine  growth  occurs  in  the  area,  especially  in  the 

northern  end  of  the  Bay.  Typical  plants  include  milfoil, 

water  chestnut,  and  sea  lettuce.  From  1958  to  1965,  an 

estimated  100,000  acres  of  milfoil  grew  in  the  upper 

(2) 

Bay  .  Although  there  is  less  milfoil  now,  it  still 


(  )  Conversation  with  W.  Shelly,  Waterways  Improvements  Department,  State 
of  Maryland. 

(2)  Regional  Planning  Council,  Baltimore,  "Reconnaisance  Study  of  the 
Chesapeake  Bay"  (September  1968). 
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Debris  Encountered 
by  Category 


Descripti  >n 


Filamentous 
Pieces  (Contin¬ 
ued) 


grows  in  numerous  locations.  In  a  spill  near  shore,  it 
could  become  involved  with  the  spilled  fluid  in  great 
quantity . 


Other  Types  Other  types  of  debris  could  be  expected  here  and  there 

throughout  the  Bay  stemming  from  the  pleasure  craft,  naval 
craft,  and  cargo  ships  which  navigate  it.  The  quantity 
and  concentration  of  this  material  is  also  fairly  small. 


Atlantic  Ocean  Region 


General  Data  on  man-made  debris  in  the  offshore  areas  of  the 

Atlantic  Ocean  are  very  limited.  Small  plastic  particles 

in  the  0.25-  to  0.5-centimeter  range  apparently  are  found 

(1  2  3) 

in  numerically  large  quantities  *  ’  in  the  open  wa¬ 

ter  of  the  Atlantic.  These  particles  are  small  and  wide¬ 
ly  dispersed  and  would  therefore  not  be  expected  to 
represent  a  problem  to  equipment  during  a  spill  recovery. 
What  large  items  are  found  are  expected  to  be  similar  in 
kind  and  quantity  to  the  amounts  reported  in  Reference  2. 
The  reader  is  referred  to  the  Oregon/Washington  Coastal 
Area  description  for  further  details  of  items  listed  in 
that  reference. 


(1)  Carpenter,  E.,  et  al,  "Polystyrene  Spherules  in  Coastal  Waters", 
Science  Magazine  (November  17,  1972). 

(2)  Manheim,  L.  T.,  R.  H.  Meade,  and  G.  C.  Bond,  "Suspended  Matter  in 
Surface  Waters  of  the  Atlantic  Continental  Margin  from  Cape  Cod  to  the 
Florida  Keys",  Science  Magazine  (January  23,  1970). 

(3)  Carpenter,  E.  J.  and  K.  L.  Smith,  Jr.,  "Plastics  on  the  Sargasso  Sea 
Surface",  Science  Magazine  (March  1972). 
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Debris  Encountered 
by  Category 


Description 


Mid-Atlantic  Region  -  Norfolk/Hampton  Roads  Area 


General 

Wood  Items  Most  material  floating  in  the  Hampton  Roads  area  is 

wood  drift  from  decaying  structures.  An  Army  Corps 
of  Engineers  report  published  in  January,  1969, 
estimates  that  58  derelict  vessels  and  140  dilapi¬ 
dated  structures  are  located  in  the  Hampton  Roads 
area^.  The  sources  of  debris  in  this  area  contain 
an  estimated  3,400,000  cubic  feet  of  material  which 
could  ultimately  become  floating  debris.  A  debris- 
cleanup  operation,  run  by  the  Corps,  removed  an 
average  of  approximately  72,000  cubic  feet  of  debris 
per  year  during  1970-1  )72  from  the  Hampton  Roads  area. 
No  data  are  available  on  the  amount  of  debris  on  the 
water  at  any  one  time. 


Major  channels  outside  the  Hampton  Roads  Harbor  area 

contain  an  estimated  20,000  cubic  feet  of  floating 

(2) 

wood  drift  .  The  same  report  estimates  the  sources 
of  debris  in  these  channels  at  1.2  million  cubic  feet 


(1)  Department  of  the  Army,  Corps  of  Engineers,  Norfolk  District,  "Collec¬ 
tion  and  Removal  of  Drift  in  Norfolk  District,  Virginia"  (January  1969). 

(2)  Ibid. 
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Debris  Encountered 
by  Category 


Description 


General 
Wood  Items 
(Continued) 


per  channel.  The  total  amount  of  floating  drift  located 
outside  the  Hampton  Roads  area  in  the  Norfolk  Corps 
District  is  estimated  at  2  to  3  million  cubic  feet. 


Using  these  estimates,  the  amount  of  floating  drift  in 
the  Norfolk  area  can  be  expected  to  resemble  the  20,000 
cubic  feet  that  was  estimated  for  the  channel  areas  out¬ 
side  the  Harbor.  In  a  large  oil  spill,  up  to  possibly 
50  percent  of  this  figure  could  be  expected  to  be  re¬ 
covered  with  the  spilled  material. 

Factors  such  as  high  tides  and  storms  increase  the  quan¬ 
tity  of  material  on  the  water.  The  high  tides  float 
more  material  off  the  beaches,  and  normal  or  storm  winds 
drive  the  material  out  into  open  water.  Increased  debris 
levels  could  be  expected  after  a  severe  storm. 

Wooden  debris  in  the  Harbor  area  includes  timbers, 
pilings,  planks,  boards,  railroad  ties,  sticks,  and 
camels.  In  the  inland  areas  behind  the  Harbor,  wooden 
debris  is  mostly  natural  wood  —  trees,  branches,  and 
stumps  that  are  washed  down  during  floods  from  the 
river  watershed. 
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Debris  Encountered 

by  Category  Description 

Rigid  Shapes 

Tires,  metal  boxes,  crates,  pieces  of  boats,  and  pieces 

of  cofferdams  float  in  the  Harbor  area,  especially  after 

a  flood. 

Flexible 

Sheets 

Great  quantities  of  leaves  are  found  both  in  Norfolk 

Harbor  and  in  inland  areas  in  the  autumn.  The  leaves 

occur  especially  in  pockets  in  backwater  areas. 

Rigid  Sheets 

Pieces  of  plywood,  hatch  covers,  pieces  of  scaffolding, 

plywood  panels,  and  pallets  are  found  one  item  at  a  time 

in  the  Hampton  Roads  area. 

Filamentous 

Pieces 

Grass  is  found,  especially  in  the  fall,  in  great  quanti¬ 
ties  in  inland  areas  behind  Hampton  Roads.  Weeds  are 

also  found  on  the  water. 

Special  Cases 

Paper  milk  cartons  discarded  from  ships  are  reported  in 

great  quantity  in  the  Hampton  Roads  area.  They  occur 

especially  around  the  Navy  areas  of  the  Harbor. 

Mid-Atlantic  Region  -  Charleston,  S.C. 

General 

The  geography  and  debris  sources  in  Charleston  Harbor 

closely  resemble  those  of  Savannah  Harbor.  For  debris 
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Debris  Encountered 
by  Category 


Description 


General  (Contin¬ 
ued) 


information  the  reader  is  referred  to  the  discussion  of 
Savannah  Harbor  which  follows. 


Mid-Atlantic  Region  -  Savannah,  Georgia,  Harbo r 


General 

Wood  Items  Savannah  Harbor  is  a  port  located  on  the  Savannah  River. 

The  area  is  subject  to  tidal  action  from  the  Atlantic 
Ocean.  The  quantity  of  wood  in  the  Harbor  is  small  rela¬ 
tive  to  other  ports,  such  as  in  the  Northeast.  Some  logs 
and  large  timbers  are  found  one  at  a  time,  but  most 
wooden  material  consists  of  branches  and  sticks  washed 
down  the  river.  Material  is  found  on  the  Savannah  River 
in  appreciable  quantity  only  after  a  storm  or  during 
spring  flooding.  Pockets  of  wood  occur  occasionally  in 
still-water  areas  during  these  periods.  Some  pieces  of 
cut  wood,  such  as  boards,  are  found  year  round  in  the 
water  one  item  at  a  time.  These  pieces  come  from  dere¬ 
lict  structures  and  vessels  located  in  the  area. 

Non-Rigid  Shapes, 

Rigid  Shapes, 

Flexible  Sheets  Municipal  trash  is  found  on  the  rivers  that  lead  into  the 

Savannah  Harbor  area.  Articles  in  these  areas  fall  into 
three  categories  listed  at  the  left.  Little  of  this 
debris  is  found  on  open  water,  with  most  concentrated 
against  banks  or  other  tixed  obstructions. 
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Debris  Encountered 

by  Category _  Description  _ 

Amorphous 

Material  A  great  deal  of  pollen  from  marsh  grass  is  found  on  the 

water  in  the  spring.  The  individual  pollen  particles 
are  very  small  and  would  not  normally  interfere  with 
spill  recovery,  unless  they  were  to  be  heavily  concen¬ 
trated  in  one  location. 

Filamentous 

Pieces  Great  quantities  of  grass,  marsh  grass,  and  weeds  are 

found  in  the  Savannah  River  during  the  spring  and  fall — 
far  more  than  wood  during  these  seasons.  Concentrated 
areas  of  marsh  grass  could  be  expected  in  an  oil  spill 
in  the  spring  or  fall. 

Special  Cases  A  good  many  plastic  cups  are  reported  in  the  rivers  that 

feed  the  Harbor  area. 


Mid-Atlantic  Region  -  Wilmington,  N.C. 


General  The  geography  and  debris  sources  in  Wilmington  Harbor 

also  closely  resemble  those  of  Savannah  Harbor.  For 
debris  information,  the  reader  is  referred  to  the 
previous  discussion. 
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Debris  Encountered 
by  Category 


Description 


Florida  Region  -  Jacksonville  Area 


General 

Wood  Items  Occasional  logs,  branches,  trees,  boards,  and  timbers  are 

found  in  the  St.  Johns  River  in  Jacksonville.  The  Corps 
of  Engineers ^  estimates  there  were  34  wrecks  and  12 
decaying  structures  in  Jacksonville  in  1970.  This  is  the 
major  source  of  man-made  wooden  debris  in  the  area,  al¬ 
though  the  quantity  of  this  debris  is  small  relative  to 
other  areas.  Natural  debris,  such  as  logs,  trees,  and 
branches,  comes  out  of  the  watershed  area  of  the  St.  Johns 
River.  The  normal  quantity  of  this  debris  is  also  rela¬ 
tively  small,  but  it  increases  after  a  severe  storm. 

Debris  tends  to  gather  in  pockets  in  eddy  areas  of  ihe 
River.  Otherwise,  it  is  found  distributed  on  the  water 
one  item  at  a  time. 

Discrete 

Rigid  Shapes  An  example  of  unusual  debris  that  can  be  found  in  an  oil 

spill  is  provided  by  the  spill  from  the  Oriental  Warrior. 
The  Oriental  Warrior  had,  as  part  of  her  cargo,  thousands 
of  plastic  eyebrow  pencil  heads  which  floated  off  the 
ship  when  she  sank.  These  pieces  then  mixed  with  the  oil 
in  great  quantity  and  complicated  the  spill  recovery. 


(1)  Committee  on  Public  Works,  op  cit. 
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Debris  Encountered 

by  Category  _  Description  _ 

Flexible  Sheets  Animal  pelts  were  also  carried  as  cargo  on  the  Oriental 

Warrior.  They  too  mixed  in  with  the  oil  and  caused  a 
recovers  problem. 

Water  hyacinth  grows  in  great  quantity  in  estuaries  and 
backwaters  of  Florida  and  Southern  Georgia.  It  either 
floats  on  the  water  or  grows  off  the  banks.  Any  spill 
which  occurs  near  the  shore  could  be  expected  to  involve 
large  quantities  of  hyacinth. 


Florida  Region  -  Miami/Port  Everglades  Area 


General 

Wood  Items  Very  little  wood  is  found  in  this  area.  What  is  found 

is  scrap  lumber  from  ship  dunnage  or  from  such  activi¬ 
ties  as  shorefront  construction. 

Non-Rigid  Shapes  Palm  fronds  —  sometimes  weighing  several  hundred 

pounds  —  frequently  float  in  this  area.  Their  size 
and  awkward  shape  has  made  them  very  difficult  to  han¬ 
dle  in  small  spills.  In  some  locations  as  many  as  10 
or  20  individual  fronds  can  be  found  in  one  area. 


Flexible  Sheets  Water  hyacinth  occurs  along  the  shorefront.  Concentra¬ 
tions  in  a  spill  could  be  heavy  if  the  spill  were  in¬ 
shore  in  an  area  where  hyacinth  grows  abundantly. 

Loose  plants  are  blown  by  the  wind  into  concentrations 
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Debris  Encountered 
by  Category 


Flexible  Sheets 
(Continued) 


Filamentous 

Pieces 


Special  Cases 


Description 


in  the  corners  of  slips  and  coves.  These  concentra¬ 
tions  would  present  a  problem  in  recovering  a  spill. 


Seaweed,  turtle  grass,  and  sargassum  weed  occur  in  this 
area  in  great  quantity.  Sargassum  is  especially  pre¬ 
valent  in  July  and  August.  Turtle  grass  is  found 
floating  on  the  surface  after  shrimp  harvesting  and 
after  October  and  November  storms.  The  storms  generate 
more  material  than  the  shrimping  activities.  All  of 
these  materials  can  be  found  covering  the  surface  in 
certain  local  locations.  At  other  times  they  are  found 
floating  a  piece  at  a  time  in  a  given  area. 

Saw  grass  occurs  in  heavy  concentrations  in  the  canals 
behind  the  Harbor  areas.  A  great  deal  of  grass  would 
have  to  be  removed  in  a  large  spill. 

Coconuts  are  found  fairly  frequently  in  this  area. 
Numerous  coconuts  can  be  concentrated  in  the  ends  of 
slips  or  in  the  lee  of  coves. 

Bottles  and  cans  occur  in  fairly  large  concentrations  in 
the  area.  Their  source  is  the  commercial  shipping  and 
pleasure-boat  activity  in  the  area.  They  are  generally 
found  on  the  open  water  one  at  a  time. 


TABLE  F.  (Continued) 


Debris  Encountered 
by  Category 

Description 

Other  Categories 

General  debris,  such  as  plastic  bags,  paper  cups,  and 

other  food- and  beverage-associated  waste  from  ship¬ 
board  and  municipal  activities  are  found  in  certain 

local  areas. 

Florida  Region  -  Tampa  Bay  Area 

General 

Wood  Items 

Some  natural  and  man-made  wood  floats  one  item  at  a  time 

in  Tampa  Bay.  The  quantity  of  this  wood  is  small  com¬ 
pared  to  ports  in  the  Northeast  or  Northwest  regions. 

Flexible  Sheets 

Lily  pads  and  hyacinth  are  found  in  large  quantity  in  the 

Tampa  Bay  area.  They  could  be  expected  to  present  a 

major  problem  in  an  oil  spill.  On  some  of  the  rivers 

entering  the  Bay,  they  completely  cover  the  water  surface. 

Filamentous 

Pieces 

Some  seaweed  is  found  in  Tampa  Bay.  In  general,  the  con¬ 
centration  of  seaweed  is  much  less  than  that  of  hyacinth 

or  lily  pads. 

Gulf  Coast  Region  -  Mobile  3ay 

General 

Wood  Items 

Wood  items  in  Mobile  Bay  come  from  two  sources: 

(1)  shipping  activities  around  Mobile,  and  (2)  trees. 
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Debris  Encountered 
by  Category 


Description 


General 
Wood  Items 
(Continued) 


parts  of  trees,  and  some  pieces  of  structures  and 
timbers  that  are  discharged  from  the  Alabama  and  Tombig- 
bee  Rivers  during  a  flood.  The  quantity  of  wood  from 
these  sources  is  moderate  relative  to  other  areas  of  the 
United  States. 


The  Mobile  Harbor  area  collects  much  of  the  flood  and 
cargo  waste  material  that  enters  the  Bay  in  slips, 
underneath  wharfs,  and  in  other  collectors.  In  a  recent 
spill  of  100,000  gallons  of  oil,  an  estimated  10  cubic 
yards  of  wood  were  recovered  from  the  slip  in  which  the 
spill  took  place.  This  is  apparently  as  much  wood  as 
could  be  expected  in  the  Harbor  area  in  a  spill  situation. 

In  areas  of  the  Bay  away  from  the  Mobile  Harbor  area,  less 
wood  would  be  found. 

Wood  used  to  secure  cargo  (4  x  4-inch  pieces,  etc.)  is 
sometimes  discharged  8  or  10  pieces  at  a  time  into  the 
Bay  before  ships  dock  at  Mobile.  This  material  could  be 
found  one  piece  at  a  time  during  an  open-area  spill  in 
the  Bay. 

Miscellaneous  small  debris  in  the  Bay  tends  to  rlow  to¬ 
ward  the  Dauphin  Island  area,  where  it  is  deposited  on 
the  beach.  Tidal  effects  are  minimal  due  to  very  small 
tides,  so  whatever  material  is  driven  ashore  by  the  winds 
will  probably  remain  there.  However,  winds  out  of  the  north 
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Debris  Encountered 
by  Category 


Description 


General 
Wood  Items 
(Continued) 


or  severe  storms  will  sometimes  drive  material  out  into 
the  Bay.  This  material  would  be  encountered  one  piece  at 
a  time,  with  total  quantities  being  less  than  those  found 
in  Mobile  Harbor. 


Filamentous 

Pieces  Some  sea  grass  grows  in  the  Bay.  It  would  present  a  minor 

problem  in  an  oil  spill. 

Other 

Categories  Small  amounts  of  municipal  debris  are  occasionally  found 

in  the  Bay. 


Gulf  Coast  Region  -  Mississippi  River  Area 


General 

Wood  Items  Most  of  the  material  floating  in  the  Mississippi  River 

near  the  Gulf  of  Mexico  is  wood.  Typical  items  include 
trees,  logs,  dimension  lumber  (boards),  sticks,  and 
branches.  Out  in  the  current,  wood  is  generally  found 
one  item  at  a  time  with  some  patches  of  floating  wood 
occurring  here  and  there.  Concentrations  of  wooden 
material  can  occur  in  eddies  and  underneath  natural 
debris  traps,  such  as  wharfs  and  coves. 

The  greatest  quantity  of  wood  comes  down  the  River  in 
the  December  or  May  and  June  high-water  periods.  During 
these  periods,  the  large  quantities  of  material  that  are 
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Debris  Encountered 
by  Category 


Description 


General 
Wood  Items 
(Continued) 


normally  trapped  behind  the  rows  of  trees  above  normal 
water  level  are  floated  by  the  high  water.  In  a  spill 
during  high-water  periods,  such  as  the  Baton  Rouge  spill 
of  March  25,  1973,  some  of  the  spilled  material  will  mix 
in  with  the  floating  debris  trapped  behind  the  trees. 
This  can  create  a  severe  debris  situation  in  which  a 
great  quantity  of  debris  is  mixed  with  the  spilled  fluid. 
In  the  Baton  Rouge  spill  (in  which  approximately  860,000 
gallons  of  spilled  fluid  were  recovered)  an  estimated 
18,400  cubic  feet  of  wood  was  recovered  in  a  month . 

The  debris  present  in  a  typical  Mississippi  River  spill 
is  shown  in  Figure  F-8. 


The  major  contributor  to  the  wooden  debris  in  the  Missis¬ 
sippi,  by  weight,  is  trees.  They  range  up  to  2  to  3  feet 
in  diameter,  with  1  foot  being  typical.  Other  smaller 
material  is  also  very  common.  Typical  small  and  medium 
wooden  debris  found  on  the  Mississippi  is  shown  in 
Figure  F-9. 

Non-Rigid  Shapes  Dead  animals  (large  and  small)  are  sometimes  found  float¬ 
ing  in  the  River  one  at  a  time  during  a  flood. 


(1)  Ray,  LTJG  K.  L.  ,  "On-Scene  Coordinator's  Report",  United  States  Coast 
Guard,  New  Orleans,  LA  (September  24,  1973). 
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FIGURE  F-8.  SMALL  WOODEN  DEBRIS  IN  MISSISSIPPI  RIVER 
OIL  SPILL (1) 


FIGURE  F-9 .  SMALL  WOODEN  DEBRIS  IN  MISSISSIPPI  RIVER 
SOYBEAN  OIL  SPILL (2) 


(1)  (2)  Photos  courtesy  of  Oil  Mop,  Inc.,  Belle  Chasse,  Louisiana. 


\ 
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Debris  Encountered 
by  Category 

Description 

Rigid  Shapes 

Boxes,  crates,  front  porches,  houses,  and  furniture  float 

down  the  Mississippi  during  floods.  The  larger  material 

is  generally  found  one  item  at  a  time. 

Filamentous 

Pieces 

Lengths  of  rope  are  commonly  found  floating  in  the  River. 

Special  Cases 

Oil  drums  are  a  common  piece  of  debris,  especially  around 

wharfs.  At  least  one  or  two  oil  drums  could  be  expected 

in  the  River  during  a  large  spill.  It  is  also  noted  that 

some  drums  recovered  contain  hazardous  substances  and 

must  be  handled  carefully. 

Other 

Categories 

Other  kinds  of  municipal  debris  are  found  in  the  River 

near  populated  areas,  such  as  Baton  Rouge  and  New  Orleans. 

The  quantity  of  this  miscellaneous  debris  is  far  less 

than  the  quantity  of  wood. 

Gulf  Coast  Region  -  Mississippi  Delta/Louisiana  Coast  Area 

Flexible  Sheets 
and  Filamentous 
Pieces 

Reed  grass,  hyacinth,  and  lily  pads  grow  in  great  numbers 

in  the  Louisiana  Coastal  and  Mississippi  Delta  areas. 

This  material  could  become  involved  in  a  spill  if  the 

spill  were  driven  into  these  vegetated  areas  or  if 
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Debris  Encountered 
by  Category 


Description 


Flexible  Sheets 
and  Filamentous 
Pieces  (Contin¬ 
ued) 


floating  plants  were  driven  into  the  spill.  (During  some 
periods  of  the  year,  floating  lily  pads  are  driven  into 
the  immediate  offshore  area  by  offshore  winds.)  The 
quantity  of  this  plant  material  would  be  far  greater  than 
any  other  type  of  debris  in  the  area.  A'  typical  reed- 
grass  situation  with  moderate  quantities  is  shown  in 
Figure  F-10. 


Non-Rigid  Shapes  Occasional  fish  kills  occur  in  the  area  due  to  red  tide. 

These  dead  fish  could  be  involved  in  a  spill. 


Gulf  Coast  Region  - 

Port  Arthur/Galveston/Corpus  Christi  Harbor  Areas 


General  Only  occasional  debris  is  found  floating  in  these  areas. 

Much  less  man-made  and  natural  material  is  found  here  than 
in  other  areas  of  the  United  States.  This  is  apparently 
due  to  the  general  lack  of  vegetation  on  the  watershed 
areas  which  drain  into  these  ports,  and  to  the  general 
use  of  concrete  shorefront  structures  which  eliminates 
decay  of  wooden  structures  into  the  water.  Rainfall  in 
these  areas  is  also  light,  causing  a  minimum  of  storm 
runoff  and  erosion. 

What  debris  is  found  usually  occurs  after  a  storm  and  con¬ 
sists  mainly  of  occasional  pieces  of  wood,  such  as  tree 
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Debris  Encountered 
by  Category 


Description 


General  (Contin-  stumps,  trees,  pile  bracings,  scrap  lumber,  planks,  or 

pallets. 

Gulf  Coast  Region  -  Port  of  Houston  Area 

The  Port  of  Houston  area  has  more  floating  debris  than  any 
other  Gulf  Coast  port.  A  great  deal  of  this  material  is 
wood.  All  types  of  man-made  wooden  items  enter  the  water, 
including  railroad  ties,  pilings,  timbers,  boards,  planks, 
paddles,  and  telephone  poles.  Some  small  pieces  of 
natural  wood  are  also  washed  down  from  the  bayous  due  to 
bank  erosion. 

The  Port  of  Houston  operates  a  small  debris-cleanup  opera¬ 
tion  that  removes  a  daily  average  of  270  cubic  feet  of 
drift  material  —  mostly  large  wooden  objects  floating  in 
the  navigation  channel.  Additional  material  not  picked 
up  by  the  cleanup  operation  is  driven  into  bends  of  the 
channel  and  underneath  docks  by  the  wind.  This  material 
generally  remains  trapped  in  these  locations, as  there  is 
normally  no  appreciable  current  in  the  channel.  During 
a  spill,  the  spilled  fluid  is  also  driven  into  the  same 
locat ions,  where  the  debris  and  spilled  fluids  mix.  In  a 
recent  medium  sized  spill,  the  quantity  of  debris 
recovered  was  estimated  as  much  more  than  the  quantity  of 
oil  recovered.  In  any  spill  that  is  not  immediately 
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General 
Wood  Items 
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Debris  Encountered 

by  Category _ Description _ 

General 

Wood  Items  contained,  a  great  quantity  of  debris  can  be  expected. 

(Continued) 

Storms  have  a  large  effect  on  the  quantity  of  debris  in 
the  Port.  Much  of  the  debris  comes  from  dumping  into 
bayous  which  feed  the  Port  area.  These  bayous,  normally 
dry,  flood  during  storms;  and  the  material  that  has  been 
dumped  is  washed  out  into  the  Port.  Far  more  debris  is 
found  in  the  area  after  a  storm. 

Concentrations  of  debris  can  be  expected  during  a  spill. 

A  typical  spill  which  has  been  driven  into  a  bend  of  the 
river  that  is  covered  with  debris  is  shown  in  Figures 
F-ll  and  F-12.  In  a  large  spill,  at  least  part  of  the 
water  surface  could  be  expected  to  be  in  a  similar  condi¬ 
tion.  Typical  shoreline  debris  in  the  Port  of  Houston 
area  is  shown  in  Figure  F-13. 

Non-Rigid  Shapes  Small  dead  animals  are  commonly  found  in  the  Port  area. 

Some  could  be  expected  in  a  medium  or  large  spill.  Large 
dead  animals,  such  as  horses  or  cows,  are  regularly  found 
in  the  area.  One  horse  or  cow  might  be  encountered  in  a 
large  spill. 

Rigid  Shapes  Toys,  plastic  items,  boxes,  furniture,  luggage,  plastic 

buckets,  paint  brushes,  pens,  toothbrushes,  and 
occasional  pianos,  organs,  and  refrigerators  are  found 
in  the  Port.  Some  of  the  smaller  items  could  be  expected 
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FIGURE  F-ll.  DEBRIS  IN  HOUSTON  SHIP  CHANNEL  SPILL (D 


L 


(1)  Photo  courtesy  of  United  States  Coast  Guard,  Captain  of  the  Port,  Port 
of  Houston,  Texas. 
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FIGURE  F-12.  CLOSEUP  OF  DEBRIS  IN  SPILL 
FIGURE  F-ll (1) 


SHOWN  IN 


(1)  Photo  courtesy  of  United  States  Coast  Guard 
of  Houston,  Texas. 
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Description 

Rigid  Shapes 
(Continued) 

in  any  spill,  and  the  larger  items  could  be  expected  in 

medium  or  large  spills. 

Also,  resin  beads  and  rice  lost  during  cargo  handling  are 

found  floating  on  the  water.  The  quantity  of  this  mate¬ 
rial  would  depend  on  when  the  handling  took  place.  In 

some  cases  of  large  spillage  during  handling,  the  material 

could  cover  the  local  water  surface. 

A  great  many  car  tires  are  found  in  the  Port.  Hundreds 

(possibly  thousands)  of  tires  line  the  bank  or  float  in 

the  Port.  Ten  to  20  tires  could  be  expected  in  any 

medium  sized  spill. 

Flexible  Sheets 

Clothing,  canvas,  plastic  sheets  and  bags,  pieces  of 

rubber,  towels,  and  other  sheet  material  are  commonly 

found  in  the  Port.  Some  items,  piece  by  piece,  could  be 

expected  in  a  spill. 

Rigid  Sheets 

Pieces  of  sheet  plastic,  sheet  plywood,  and  pallets  are 

commonly  found  in  the  area.  Some  would  be  found  in  any 

spill  in  the  area. 

Filamentous 

Pieces 

Brush  from  the  banks  of  the  bayous  is  found  in  the  Port 

during  certain  times  of  the  year.  The  quantity  of  this 

material  can  be  appreciable,  with  the  entire  water  areas 

of  some  bends  being  covered  with  brush. 

TABLE  F.  (Continued) 


Debris  Encountered 

by  Category  Description 


Special  Cases  Baseballs,  basketballs,  tennis  balls,  ping-pong  balls,  and 

other  balls  are  often  found.  Lacquer  cans,  Clorox  bottles 
milk  cartons,  soap  cartons,  and  paper  cups  are  also  common 
A  large  quantity  of  these  articles  could  be  expected  in 
any  spill. 


Gulf  of  Mexico  Region 


General  No  detailed  information  is  available  on  the  type  and  quan¬ 

tity  of  floating  debris  in  the  Gulf  of  Mexico.  Discus¬ 
sions  with  Coast  Guard  personnel  in  the  area  indicate  that 
some  wood  is  discharged  from  the  Mississippi  and  that 
other  wood  enters  the  water  from  ships  dumping  it  over¬ 
board  before  entering  the  navigation  channel  to  New 
Orleans.  Apparently,  little  wood  is  found  on  the  surface 
in  any  one  area,  and  what  is  found  consists  of  separate 
pieces  distributed  over  large  areas.  In  the  Chevron  off¬ 
shore  platform  fire  and  oil  spill,  which  occurred  near  the 
mouth  of  the  Mississippi  River,  no  debris  problems  were 
reported^.  Also,  aerial  photographs  of  the  oil 

slicks  produced  by  the  incident  show  no  large  debris  in 

(2) 

the  area 


(1)  Alpine  Geophysical  Associates,  Inc.,  "Oil  Pollution  Incident,  Platform 
Charlie,  Main  Pass  Block  41  Field,  Louisiana",  Norwood,  New  Jersey 
07648  (May  1971). 

(2)  Catoe,  C.  E.,  "Results  of  Overflights  of  Chevron  Oil  Spill  in  Gulf  of 
Mexico",  Office  of  Research  and  Development,  U.  S.  Coast  Guard  Head¬ 
quarters  (May  19,  1970). 
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Debris  Encountered 

by  Category _ Description _ 

California  Region  -  San  Diego  Harbor  Area 

San  Diego  Harbor  is  an  enclosed  bay  with  very  little  natu¬ 
ral  drainage  into  the  area.  What  watershed  does  drain  in¬ 
to  the  bay  is  semi-arid  with  limited  natural  foliage. 
Natural  wood  entering  the  Bay  from  runoff  is  limited  to 
some  branches  and  twigs.  Some  cut  lumber,  fender  piles, 
and  miscellaneous  wood  dunnage  enters  the  Harbor  waters 
due  to  shipping  activity.  The  quantity  of  this  material 
is  limited,  however,  by  enforcement  of  regulations  con¬ 
cerning  dumping  and  concerning  shorefront  construction. 

The  lack  of  decaying  shorefront  structures  eliminates 
debris  input  from  that  source.  Little  wood  could  be 
expected  in  an  oil  spill  —  possibly  an  occasional  piece 
in  open  water  and  some  small  pockets  of  several  pieces 
in  calm  waters. 

Other 

Categories  A  small  amount  of  municipal  trash  and  refuse  from  coating 

activities  (such  as  car  tires  and  plastic  bottles)  is 
found  in  certain  locations  in  the  Bay.  In  a  spill  some 
trash  items  could  be  expected,  but  not  in  great  quanti¬ 
ties. 

Palm  fronds  are  found  in  the  water  in  certain  parts  of  the 
Bay.  Since  they  can  weigh  several  hundred  pounds,  their 
handling  in  a  spill  would  be  extremely  difficult. 


General 
Wood  Items 
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Debris  Encountered 
by  Category 


Description 


Other 

Categories 

(Continued) 


On  occasion,  Perlite  discharged  from  kelp-processing 
operations  has  been  found  floating  in  the  Bay.  The 
particles  of  Perlite  have  occurred  locally  in  fairly 
large  quantity. 


California  Region  -  Los  Angeles/Long  Beach  Harbor  Area 


General 

Wood  Items  Fairly  small  quantities  of  manufactured  wood  are  found 

in  the  Los  Angeles/Long  Beach  Harbor  area  under  normal 
circumstances  (relative  to  ports  in  the  Northeast  and 
Northwest).  Items  found  include  filings,  railroad  ties, 
telephone  poles,  timbers,  and  boards.  Most  wood  items 
are  medium  sized,  although  a  considerable  number  are 
large.  After  especially  severe  storms,  large  amounts  of 
material  can  enter  the  Harbor  area  through  the  normally 
dry  Los  Angeles  River  and  the  Dominguez  Channel.  Most 
of  the  wooden  material  that  enters  the  Harbor  during 
these  periods  is  man-made,  although  a  considerable  amount 
of  natural  wood,  such  as  branches,  may  come  down  the 
Los  Angeles  River  Channel. 

Under  normal  conditions,  a  spill  would  probably  encounter 
a  small  quantity  of  wood  found  one  piece  at  a  time  in 
open  water,  and  some  small  concentrations  of  wood  under 
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Debris  Encountered 
by  Category 

Description 

General 

Wood  Items 

docks  and  in  slips.  After  a  severe  storm,  the  quantity 

(Continued) 

of  wood  might  double  or  triple,  but  it  would  still  be 

fairly  small. 

Non-Rigid  Shapes 

Occasional  items  such  as  dead  seals,  jellyfish,  and  dead 

birds  are  found  in  the  harbor  area. 

Rigid  Shapes 

Cigarette  filters,  toys,  plastic  items,  tires,  crates, 

and  floats  are  found  here  and  there  one  item  at  a  time. 

Refrigerators,  pianos,  and  other  items  of  furniture  are 

found  occasionally. 

Flexible  Sheets 

Paper,  plastic  sheets,  plastic  "six-pack"  holders,  cloth, 

pieces  of  rubber,  sheets,  and  towels  are  found  one  item 

at  a  time,  especially  at  the  ends  of  slips. 

Rigid  Sheets 

Sheet  plywood,  pallets,  and  pieces  of  scaffolding  are 

occasionally  found  one  item  at  a  time. 

Filamentous 

Pieces 

Large  quantities  of  tule  grass  are  found  floating  in  some 

parts  of  Long  Beach  Harbor  after  the  first  severe  rain¬ 
storm  of  the  season.  Winds  and  currents  wash  it  down  the 

Los  Angeles  River  Channel  and  spread  it  out  throughout 

the  east  end  of  the  Harbor.  Figure  F-14  shows  this  area  of 

the  Harbor  after  the  first  rain  of  fall,  1973.  A  close- 

up  of  typical  material  in  that  concentration  is  shown  in 

Figure  F-15. 
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1101-73/F-14 


FIGURE  F-14 .  REED-TYPE  MATERIAL  IN  LONG  BEACH  HARBOR 


.  'o  • 


1101-73/F-15 


FIGURE  F-15.  CLOSEUP  OF  MATERIAL  SHOWN  IN  FIGURE  F-14 
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Debris  Encountered 
by  Category 


Description 


Filamentous 
Pieces  (Contin¬ 
ued) 


Hemp,  cellulose  fibers,  and  grain  are  found  on  the  water 
in  areas  where  these  materials  are  transferred  from  ship 
to  shore.  Only  small  amounts  are  found  —  and  only  when 
these  items  are  being  handled. 


Occasional  pieces  of  rope  and  fishing  line  are  also  found. 


Special  Cases  Baseballs,  basketballs,  tennis  balls,  ping-pong  balls, 

pieces  of  fruit,  milk  cartons,  and  paper  cups  are  found 
here  and  there  in  the  dockside  area  of  the  Harbor.  Some 
of  these  items  could  be  expected  in  a  spill  in  these 
areas. 


Occasional  floating  steel  drums  and  steel  bottles  are  also 
found . 


Cali fornia  Reg ion  -  Southern  California  Offshore 


Filamentous 

Pieces  Kelp  beds  abound  all  along  the  Southern  California 

coastal  shelf.  Some  patches  of  kelp  are  also  found 
drifting  in  open,  deeper  water.  The  beds  near  shore, 
which  are  quite  dense,  proved  such  a  hindrance  to  oil- 
recovery  operations  in  the  Santa  Barbara  spill  of  1969 
that  oil  which  entered  the  beds  could  not  be  collected. 
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Debris  Encountered 

by  Category _ Description 


Filamentous 

Pieces  (Contin-  In  any  medium  or  large  spill  near  shore,  large  quantities 

ue<^  of  kelp  could  be  expected. 

Other  A  few  items  such  as  pieces  of  wood  or  plastic  are  encoun¬ 

tered  on  the  open  water  (relative  to  the  quantities  found 
in  port  areas).  In  small  spills,  no  significant  amount 
of  this  debris  would  be  expected. 

California  Region  -  San  Francisco  Bay  Area 

General 

Wood  Items  Almost  all  of  the  material  floating  in  the  San  Francisco 

Bay  area  is  wood.  Most  consists  of  fabricated  items; 
little  natural  wood  occurs.  Concentrations  of  wood  are 
normally  found  in  two  areas  —  the  dockside  and 
immediate  offshore  areas  around  San  Francisco,  Oakland, 
Alameda,  and  Richmond;  and  the  open-water  areas  where 
pronounced  tide  rips  occ •-  near  Angel  Island.  The 
material  in  the  dockside  areas  usually  floats  along  the 
shoreline  or  is  stranded  on  the  beach  above  the  normal 
high-water  mark.  The  material  in  the  rips  is  distributed 
in  a  line  along  the  rip,  as  shown  in  Figure  F-16. 

The  quantity  of  debris  found  in  either  location  depends 
greatly  on  the  magnitude  of  the  tides,  the  weather,  and 
wind  conditions.  The  heaviest  quantities  of  debris 
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1101-73/F-16 

FIGURE  F-16.  DEBRIS  MATERIAL  IN  TIDE  RIP 
IN  SAN  FRANCISCO  BAY 
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Debris  Encountered 
by  Category 


Descript  ion 


General 
Wood  Items 
(Continued) 


occurs  during  flood  tides  after  a  storm.  The  material 
that  is  normally  stranded  above  the  high-water  mark 
floats  ot t  and  is  transported  bv  winds  and  currents  into 
open  water.  The  situation  near  Angel  Island  is  especial¬ 
ly  bad  during  these  periods.  The  Corps  of  Engineers  has 
collected  as  much  as  1,700  cubit  feet  of  wood  from  these 
rips  in  1  hour  during  an  extremely  bad  period^  On 
several  occasions,  the  two  Corps  boats  have  collected 
dally  totals  of  11,500  cubit  feet  of  debris. 


Less  wood  is  found  in  the  Bay  area  during  periods  of 
normal  tides  and  winds,  but  it  is  always  present.  In  any 
spill  in  the  open  waters  near  Angel  Island  or  in  the  dock 
areas,  wooden  debris  can  be  expected  at  all  times. 


Two  examples  of  spills  during  flood  tides  are  the  Chevron 
tanker  collision  spill  in  t  he  Golden  Gate  on  January  18, 
1971,  and  the  Oakland  Estuary  oil  spill  of  January  19, 
1973.  Both  spill-cleanup  operations  were  hampered  bv 
large  quantities  of  debris  mixed  in  with  the  oil.  No 
estimates  of  the  amount  of  debris  recovered  in  the  Chev¬ 
ron  spill  are  available,  but  discussions  with  the  indivi¬ 
duals  involved  indicate  that  the  amount  of  debris 
recovered  was  within  the  same  order  of  magnitude  as  the 
amount  of  oil.  Since  JO, 000  barrels  (approximately 


(1)  Meeting  between  W.  Angeloni  of  the  Armv  Corps  of  Engineers,  Sausalito, 
California,  and  Battelle  staff  (January  17,  1974). 


249 


TABLE  F.  (Continued) 


Debris  Encountered 

by  Category _ Description 


110,000  cubic  feet)  of  bunker  fuel  were  spilled,  the 
amount  of  debris  recovered  is  estimated  at  5,000  to 
50,000  cubic  feet.  This  debris  consisted  mainly  of  wood. 
Reference  1  estimates  the  amount  of  debris  recovered  in 
the  Oakland  Estuary  spill  at  37,800  cubic  feet.  A 
typical  debris  situation  in  the  Oakland  Estuary  spill  is 
shown  in  Figure  F— 17. 

Wooden  debris  in  the  San  Francisco  Bay  area  includes  such 
items  as  timbers,  railroad  poles,  boards,  sticks,  camels, 
pilings,  and  planks.  In  the  Angel  Island  area,  the 
majority  of  material,  by  weight,  is  large,  with  a  great 
deal  of  timber.  In  the  Oakland/San  Francisco/Alameda 
areas,  more  medium  and  small-sized  wood  is  found.  Some 
natural  trees  and  branches  are  found  in  all  parts  of  the 
Bay . 

Non-Rigid  Shapes  Dead  seals  and  occasional  small  dead  animals  are  found  in 

the  Bay  area.  These  are  encountered  one  item  at  a  time, 
and  more  than  one  would  not  normally  be  expected  in  an 
oil  spill. 

Life  jackets  and  cardboard  boxes  are  found  more 
frequently. 


General 
Wood  Items 
(Continued) 


(1)  Clean  Bay,  Inc.,  "Cleaning  Up  the  Oakland  Estuary  Spill,  January  19-26, 
1973",  Concord,  California  (1973). 


250 


TABLE  F.  (Continued) 


z 

o 


E 

& 


UJ 

DC 

S3 

C3 


J 


Twelfth  U.  S.  Coast  Guard  District,  San  Francisco,  California,  Official  USCG  Photo 
File  No.  012073  9. 
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Debris  Encountered 
by  Category 


Rigid  Shapes 


Flexible  Sheets 


Rigid  Sheets 


Amorphous 
Mater  ia  1 


F i lamentous 
Pieces 


Special  Cases 


Description 


Floats,  life  preservers,  pieces  of  furniture,  crates, 
plastic  buckets,  toys,  pieces  of  boats,  and  dinghies  are 
found  throughout  the  bay,  one  item  at  a  time.  Car  tires 
occur  frequently  in  all  populated  parts  of  the  Bay. 

Plastic  sheets  are  commonly  found  floating  in  the  bay, 
one  piece  at  a  time.  Paper  and  canvas  are  also 
encountered  occasionally. 

A  great  deal  of  plywood  sheeting  is  found  in  the  Bay, 
especially  near  shore.  Pallets  are  also  common. 


Peat  moss  floats  into  the  Bay  from  the  Sacramento  Delta 
area  during  parts  of  the  year.  Areas  of  water  20  feet 
across  are  sometimes  covered  with  peat  moss. 


Tule  grass  floats  in  the  Bay  at  all  times.  Heaviest 
concentrations  occur  during  late  fall,  winter  and  spring. 
Large  quantities  can  be  expected  in  medium  or  large 
spills.  Pieces  of  rope  and  hausers  are  also  found  one 
piece  at  a  time. 

Baseballs,  tennis  balls,  oil  drums,  cans  and  bottles  of 
all  types,  milk  cartons,  and  paper  cups  are  all  found  in 
the  Bay.  Some  of  these  items  can  be  expected  in  all 
spills  near  shore. 
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Debris  Encountered 
by  Category  _ 


Description 


California  Region  -  Northern  California  Coastal  Area 


General  The  debris  situation  in  the  Northern  California  coastal 

area  is  very  similar  to  the  Oregon/Washington  coastal 
area.  The  same  logging  activities  contribute  most  of 
the  man-made  debris.  The  reader  is  referred  to  that 
section  for  a  discussion  of  debris  type  and  quantity. 
Typical  shoreline  debris  is  shown  in  Figures  F-18  and 
F-19 . 

Northwest  Region  -  Oregon/Washington  Coastal  Area 

General 

Wood  Items  Debris  encountered  along  the  Oregon/Washington  coast 

consists  mainly  of  wood  articles  from  logging  activities 
and  natural  wood  produced  by  hillside  erosion.  The  log¬ 
ging  debris  consists  of  slash  left  in  the  hills  that  is 
washed  into  the  rivers  during  storms,  and  loose  logs  and 
bark  chips  that  enter  the  water  during  log  rafting.  Log 
rafting  along  the  coast  is  confined  to  the  sheltered 
water,  estuarine,  and  river  areas  along  the  coast. 
Deadheads  (logs  floating  partially  or  entirely  submerged), 
floating  logs,  and  bark  chips  associated  with  rafting 
are  far  more  prevalent  in  these  sheltered  areas  than  in 
the  open  water  offshore.  Normal  concentrations  of  wooden 
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1101-73/F-18 

FIGURE  F-18.  SHORELINE  DEBRIS  AT  CRESCENT  CITY,  CALIFOR¬ 
NIA 


1101-73/F-19 

FIGURE  F-19 .  SHORELINE  DEBRIS  AT  KLAMATH,  CALIFORNIA 
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Debris  Encountered 

by  Category  Description 


debris  would  consist  of  occasional  large  logs  (20  to  40 
feet  in  length),  with  concentrations  of  wood  chips, 
branches,  and  other  light  material  occurring  in  tidal 
rips  or  in  relatively  calm  backwater  areas. 

After  severe  storms,  the  debris  concentration  in  rivers 
and  estuaries  increases.  Most  of  the  material  that  comes 
out  of  the  hills  comes  during  these  periods  of  heavy  rain¬ 
fall.  Severe  storms  can  also  break  up  log  rafts  and  cause 
material  to  come  off  of  decaying  structures.  The  latter 
problem  is  relatively  minor  in  this  area  when  compared  to 
other  areas  of  the  country,  for  the  coastal  region  is 
lightly  populated.  After  a  very  severe  storm,  medium  to 
large  floating  wooden  items  can  be  expected  to  occur 
regularly  in  the  estuaries  and  rivers. 

Far  less  wood  debris  is  found  offshore  than  close  to  shore. 
Occasional  large  logs  and  deadheads  are  encountered  in  open 
water.  The  largest  concentration  of  offshore  debris  will 
be  encountered  when  flood  tides  are  accompanied  by  off¬ 
shore  winds.  Then  the  accumulated  debris  that  is  normally 
stranded  on  the  beach  will  tend  to  come  off  and  float  out 
to  sea.  Typical  concentrations  of  beach  debris  on  the 
Washington  Coast  are  shown  in  Figures  F--20  and  F-21. 

In  some  of  the  coastal  harbors,  such  as  Grays  Harbor  and 
Coos  Bay,  pulp  fibers  and  wood  chips  are  found  in  the 


Filamentous 
P i eces 


General 
Wood  Items 
(Continued) 
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1101-73/F-20 

FIGURE  F-20.  BEACH  DEBRIS  AT  KALALOCH,  WASHINGTON 


1101-73/F-21 

FIGURE  F-21 .  BEACH  DEBRIS  AT  KALALOCH,  WASHINGTON, 
CLOSEUP 
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Debris  Encountered 
by  Category 


Descript  ion 


F  i  lamentous 
Pieces  (Contin¬ 
ued) 


water  due  to  Lite  activities  around  the  local  paper  mills. 
These  conditions  are  extremelv  local  and  would  only  occur 
in  magnitudes  sufficient  to  hamper  a  spill  operation  it  a 
spillage  or  accidental  discharge  took  place.  Particles  ul 
pulp  and  wood  chips  are  found  normally,  but  are  randomly 
spaced  and  tow  (relative  to  the  larger  wood  pieces). 


Rigid  anapes 
and  Special 

Cases  Some  articles  otln-r  than  wood  are  found  in  open  waters  of 

the  Pacific  Ocean.  Their  concentrnt ion  is  such  that  they 
would  affect  a  spill  operation  very  little.  The  reader 
is  referred  to  the  Pacific  Ocean  Region  discussion  for  a 
further  description  of  those  items. 


Northwest  Region  -  Lower  Columbia  River/Port  land  Area 


General 

Wood  Items  Debris  in  the  Columbia  River  from  Portland  to  the  Pacific 

Ocean  is  primarily  wood  1  rom  logging  activities  upstream. 
Common  items  include  stumps,  limbs,  branches,  roots,  and 
logs.  Alter  heavy  flooding  and,  to  a  lesser  extent, 
during  nominal  high-water  periods,  wood  from  structures, 
derelicts,  and  cargo-handling  activities  on  both  the 
Columbia  and  Willamette  Rivers  is  also  washed  down  into 
the  Columbia.  In  addition,  large  trees  are  often  washed 
down  both  the  Columbia  and  the  Willamette  Rivers  during 
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Debris  Encountered 
by  Categriy  _ 


Description 


General 
Wood  Items 
(Continued) 


heavy  floods.  A  derelict  wharf,  typical  of  the  debris 
sources  in  the  Port  of  Portland  area,  is  shown  in  Figure 
F-22 . 


Generally,  most  of  the  debris  that  comes  down  the  Columbia 
or  the  Willamette  Rivers  is  driven  ashore  by  the  wind 
before  it  reaches  the  Pacific  Ocean.  A  large  amount  of 
material  from  the  Willamette  River  is  stranded  locally  at 
Portland  underneath  the  docks.  Much  of  this  material  is 
relatively  large.  In  the  Willamette  River  oil  spill  of 
September  6,  1973,  approximately  one-half  of  the  debris 
recovered  was  too  heavy  to  be  handled  by  two  men. 

Another  problem  during  this  spill  involved  the  contamina¬ 
tion  of  several  log  rafts  with  oil.  The  logs  were  re¬ 
moved  from  the  water  and  are  being  held  pending  legal 
action  to  determine  whether  they  should  be  salvaged  or 
disposed  of.  The  complicating  factor  in  this  case  is  the 
value  of  the  logs.  The  loss  involved  in  disposal  of  even 
one  log  raft  is  considerable.  Contamination  of  log  rafts 
with  oil  is  a  possibility  ir  manv  spill  situations  which 
could  occur  in  the  Northwes'  . 

The  quantity  of  wooden  debris  to  be  expected  in  a  spill  in 
this  area  varies  greatly  according  to  the  time  of  year. 
After  a  severe  storm,  certain  calm-water  areas  are 
partially  or  completely  covered  by  wooden  debris.  Other 
areas,  where  currents  are  always  present,  constantly 
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Debris  Encountered 

_ by  Category _ Description _ 

receive  pieces  of  wooden  debris  that  are  distributed  in 
the  River.  During  other  periods,  the  total  quantity  of 
debris  is  less,  with  summer  low-water  periods  having  the 
smallest  concentration  of  debris.  During  the  summer, 
only  random  wooden  pieces  could  be  exp  ected  in  these 
areas,  one  at  a  time. 

Non-Rigid  Shapes  Some  life  jackets,  sleeping  bags,  and  car  tires  are  found 

in  the  River  near  Portland,  especially  after  severe 
storms.  The  quantity  of  these  items  is  several  orders  of 
magnitude  less  than  wooden  debris. 

Rigid  Shapes  Some  articles  such  as  float  houses,  chicken  houses,  pieces 

of  piers,  pieces  of  barges,  derelict  boats,  and  pieces  of 
houses  come  down  the  River  after  severe  storms.  These 
items  occur  randomly  and  are  found  one  at  a  time,  most 
frequently  near  the  populated  Portland  area. 

Flexible  Sheets, 

Rigid  Sheets, 

and  Special 

Cases  Some  materials,  such  as  clothing,  paper,  milk  cartons, 

bottles,  cans,  rags,  and  pieces  of  sheet  plastic  are 
found  near  Portland  during  and  after  floods.  This 
material  mixes  with  wood  debris  underneath  the  docks  and 
in  eddies  of  the  Rivers.  The  quantity  of  this  material 
is  estimated  to  be  approximately  one  to  two  orders  of 
magnitude  less  than  wooden  debris  in  an  area. 


General 
Wood  Items 
(Continued) 


TABLE  F.  (Continued) 


Debris  Encountered 
by  Category _ 


Description 


Filamentous 

Pieces  Pulp  fiber  from  ship-loading  activities  is  found  in  cert¬ 

ain  areas  of  the  Port  of  Portland.  The  quantity  varies 
depending  on  the  frequency  of  ship-loading  activities. 

Northwest  Region  -  Straits  of  Juan  De  Fuca  Are£ 

General 

Wood  Items  A  great  many  small,  medium,  and  large  wood  items  are 

found  in  large  quantities  in  this  area  —  the  result  of 
logging  and  natural  erosion  which  causes  trees  to  enter 
the  local  waterways.  Trees  entering  the  water  due  to 
erosion  of  a  bank  are  shown  in  Figure  F-23.  Logging  con¬ 
tributes  wooden  debris  of  all  types — including  logs  from 
log  rafts  and  bark  chips  that  come  off  these  rafts  due 
to  the  logs  rubbing  together.  Also  included  are  branches, 
limbs,  trunks,  and  other  slash  material  left  from  logging 
activities  in  the  hills  that  are  washed  down  during  storms. 

The  trees  that  erode  are  initially  intact,  but  weathering 
soon  reduces  them  to  separate  branches,  limbs,  and  trunks. 
The  rivers  in  this  region  transport  much  eroded  wooden 
material  and  support  extensive  log-rafting  activities  in 
the  vicinity  of  the  Straits.  Wooden  debris  is  more  concen¬ 
trated  in  the  estuaries  of  the  rivers  than  in  the  Straits 
due  to  these  effects.  In  general,  the  debris  load  new 
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1101-73/F-23 


TREES  ERODING  INTO  THE  STRAITS  OF 
FUCA 


JUAN 


DE 


FIGURE  F-23. 


TABLE  F.  (Continued) 


Debris  Encountered 
by  Ca'egory 

General 
Wood  Items 
(Continued) 


Description 


material  into  the  Straits  from  the  adjacent  countryside  is 
greater  during  and  after  heavy  winter  rains. 

Greatest  concentration  of  material  occurs  on  the  open 
waters  of  the  Straits  during  winter  flood  tides  when  the 
prevailing  winds  shift  from  onshore  to  offshore.  In 
this  situation,  material  that  has  been  driven  onto  the 
beach  above  the  normal  high-tide  line  will  float  away. 

This  happens  off  Dungeness  Spit  when  high  winds  out  of 
the  Northeast  are  accompanied  by  high  tides.  As  Dungeness 
tends  to  collect  material  during  the  normal  westerly 
winds  (due  to  its  location  in  the  Straits),  the  effect  of 
debris  coming  off  in  the  situation  desci ibed  above  can  be 
severe . 

Typical  concentrations  u f  wood  material  trapped  in  the 
kelp  lines  and  tidal  rip  lines  of  the  Strait  during  Decem¬ 
ber  are  shown  in  Figures  F-24  and  F-25,  respectively. 

As  can  be  seen,  the  debris  gathers  in  distinct  lines  which 
run  parallel  to  the  shoreline.  Spilled  fluid  could  be 
expected  to  be  driven  into  the  same  locations. 

Special  situations  occur  in  Victoria  and  Port  Angeles 
Harbors.  Victoria  Harbor  has  typical  quantities  of 
shipping-port  wooden  debris  on  the  water.  Pieces  of  old 
docks,  tops  of  pilings,  and  dunnage  from  ship  cargo¬ 
handling  activities  are  typical  items  found.  Port 
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TABLE  F.  (Continued) 


1101-73/F-2  4 

FIGURE  F-2  4.  MATERIAL  IN  TIDAL  LINES  IN  THE  STRAITS  OF 
JUAN  DE  FUCA 


1101-73/F-2  3 

FIGURE  F-2 3.  TYPICAL  DEBRIS  MATERIAL  IN  THE  STRAITS  OF 
JUAN  DE  FUCA 
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TABLE  F.  (Continued) 


Debris  Encountered 
by  Category 

General 
Wood  Items 
(Continued) 


Flexible  Sheets 


F i lamentous 
P ieces 


Description 


Angeles  Harbor  is  a  typical  logging  port.  Bark  chips  and 
logs  broken  loose  from  log  rafts  are  common  there. 

Deadheads  floating  partially  submerged  in  the  Straits  are 
common;  they  could  damage  oil  recovery  equipment. 

As  of  now,  no  oil-spill  cleanups  have  taken  place  in  the 
Straits. 

Visqueen  plastic  sheets  (apparently  blown  off  of  deck 
cargo)  have  reportedly  been  found  floating  in  the  Straits 
These  sheets  occur  randomly  and  are  found  floating  one  at 
a  time.  In  a  medium  sized  spill,  perhaps  one  or  two 
sheets  could  be  anticipated. 


Kelp  grows  in  fairly  large  quantities  along  the  Straits 
Kelp  growing  in  place  would  hamper  spill  recovery  if  the 
spill  were  to  float  into  it.  Kelp  torn  loose  from  the 
bottom  during  a  severe  storm  and  floating  in  tidal  areas 
could  become  mixed  with  a  spill.  Figure  F-26  shows  a 
typical  kelp  bed  in  the  area. 
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1101-73/F-26 

FIGURE  F-26.  TYPICAL  KELP  BED  IN  THE  STRAITS  OF  JUAN  DE 
FUCA 


TABLE  F.  (Continued) 


Debris  Encountered 

_by  Category  Description 


Northwest  Region  -  Puget  Sound  Area 

General 

Wood  Items  Floating  wood  items  are  found  throughout  the  Puget  Sound 

area.  These  items,  along  with  kelp,  constitute  most  of 
the  debris  found  in  the  region.  Log  rafting  and  logging 
activities  provide  the  major  source  for  this  material. 

Log  rafting  contributes  both  stray  logs  and  bark  caused 
by  the  logs'  rubbing  together.  Deadheads  present  a 
special  problem  in  the  Sound  due  to  their  poor  visibility. 
.The  bark  that  is  produced  hy  the  rafting  is  found  through¬ 
out  the  Sound  area.  Extensive  log-storage  areas  that 
contribute  raft  debris  are  located  in  the  Tacoma,  Oakland 
Bay,  Henderson  Inlet,  Budd  Inlet,  Everett,  Port  Townsend, 
Skagit  Bay,  Padilla  Bay,  and  Bellingham  Bay  areas.  Stumps, 
limbs,  roots,  and  branches  left  from  logging  activities 
enter  the  Sound  from  surrounding  areas  during  heavy  rains. 

The  material  that  enters  Puget  Sound  is  distributed  bv 
winds  and  tidal  action.  Many  small  wood  items  and  some  lar¬ 
ger  ones  are  found  in  tidal  rips  in  the  Sound.  The  quantity 
of  material  in  the  water  varies  somewhat  from  season  to 
season,  with  the  winter  months  having  the  heaviest  concen¬ 
trations  and  the  summer  months  the  lightest.  However,  the 
difference  in  concentration  due  to  seasonal  effects  in  the 
Sound  is  less  than  in  the  other  areas  of  the  Northwest. 


TABLE  F.  (Continued) 


Debris  Encountered 
by  Category 


Descript  ion 


General 
Wood  Items 
(Continued) 


This  may  be  due  to  the  fact  that  the  losses  from  rafting 
are  about  the  same  all  year  round. 


Great  quantities  of  debris  can  be  distributed  over  the 
surface  of  the  Sound  when  flood  tides  are  accompanied  by 
offshore  winds.  Debris  on  the  beaches  is  floated  off  by 
the  tides  and  driven  into  the  Sound  by  the  wind.  This 
situation  can  occur  anywhere  in  the  Sound.  Material  re¬ 
covered  by  the  Corps  of  Engineers  from  Puget  Sound  is 
shown  in  Figures  F-27  and  F-28. 


Wooden  pallets,  oars,  pieces  of  dimension  lumber,  tele¬ 
phone  poles,  railroad  ties,  pieces  of  scaffolding,  and 
other  wooden  debris  is  found  in  various  parts  of  the 
Sound.  This  material  intermixes  with  the  logging  debris, 
only  it  occurs  in  much  smaller  concentrations. 


Flexible  Sheets  Visqueen  plastic  sheets  are  found  floating  singly  through¬ 
out  the  Sound.  These  sheets  vary  from  approximately  1  by 
1  foot  to  12  by  12  feet  and  larger.  This  material  is 
blown  or  discarded  off  of  ships  or  dock-storage  areas 
where  the  material  is  used  to  protect  cut  lumber.  Some 
canvas  sheets  are  found,  although  not  as  many  as  the 
Visqueen  type. 
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1101-73/F-2 / 

FIGURE  F-27 .  DEBRIS  MATERIAL  RECOVERED  FROM  PUGET  SOUND 


1101-73/F-28 

FIGURE  F-28.  DEBRIS  MATERIAL  RECOVERED  FROM  PUGET  SOUND 
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TABLE  F.  (Continued) 


Debris  Encountered 

by  Category _ _ Description 


Filamentous 

Pieces  Kelp  is  common  throughout  the  Sound  in  fairly  large  quanti¬ 

ties.  Spilled  fluid  can  be  expected  to  interact  with  kelp 
in  most  areas  of  the  Sound.  Rope  and  fishing  line  are  also 
found  periodically. 

Special  Cases  Some  cans,  bottles,  milk  cartons,  metal  tanks,  and  paper 

cups  are  found  floating.  Few  of  these  items  are  found  in 
the  open  water  when  compared  with  the  quantity  of  wood. 


Northwest  Region  -  Seatr le/Tacoma  Metropolitan  Area 


General 

Wood  Items  The  Puget  Sound  areas  that  front  on  the  Seattle/Tacoma 

shoreline  have,  in  addition  to  the  types  of  debris  present 
in  the  open  waters  of  Puget  Sound,  small  and  medium  sized 
wooden  debris  from  docks,  warehouses,  and  other  municipal 
activities  in  the  area.  The  quantity  of  wooden  debris 
in  this  area  of  the  Sound  is  estimated  at  only  slightly 
more  than  wnat  is  found  in  the  less  populated  areas.  In 
sheltered  areas,  such  as  Elliot  Bay  or  the  Duwamish  Water¬ 
way,  considerably  more  debris  is  found  than  in  the  open 
Sound,  due  to  the  large  amount  of  dockside  activity  and 
the  proximity  of  municipal  activities.  The  debris  found 
in  these  areas  tends  to  contain  a  high  percentage  of  small 
material  and  cut  lumber.  Concentrations  of  debris  occur 
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Debris  Encountered 
by  Category _ 


Description 


General 
Wood  Items 
(Continued) 


in  the  corners  of  slips,  underneath  piers,  and  in  other 
confined  areas  of  the  harbor  where  the  wind  drives  it. 

In  these  concentrated  areas,  it  is  estimated  that  as 
little  as  20  square  feet  to  as  much  as  500  square  feet  or 
more  of  the  surface  may  be  uniformly  covered.  In  the 
open  areas  of  Elliot  Bay,  the  material  could  be  expected 
to  be  distributed.  Random  logs  and  deadheads,  sur.n  as 
those  in  Puget  Sound,  also  occur  in  the  harbor  areas. 
Commencement  Bay,  in  Tacoma,  has  a  similar  situation. 
Tvpical  shoreline  debris  near  Seattle  is  shown  in  Figure 
F-29 .  Typical  debris  in  the  corner  of  a  slip  is  shown  in 
Figure  F-30. 


The  amount  of  floating  debris  that  would  need  to  be 
picked  up  yearly  to  keep  the  Seattle  area  clear  is 
reported  as  390,000  cubic  feet^.  Of  this  figure,  the 
amount  of  small  debris,  rubbish,  and  trash  is  estimated 
at  25  percent  of  the  total,  or  approximately  97,500  cubic 
feet  per  year.  Extrapolations  from  these  figures  yield 
an  estimate  of  the  amount  of  material  that  could  be  en¬ 
countered  in  a  large  spill  in  the  Seattle  area.  If  one- 
quarter  of  the  material  listed  above  were  assumed  to  be 
on  the  water  at  a  given  time  (say,  after  a  storm),  and  of 
that,  one-quarter  were  found  in  with  a  large  spill,  the 
total  floating  material  involved  would  be  25,000  cubic 
feet,  approximately. 

(U  Municipality  of  Metropolitan  Seattle,  "Floating  Debris  and  Litter  Removal 
Study"  (March  1972). 
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1101-73/F-30 

FIGURE  F-30.  LIGHT  DEBRIS  CONCENTRATED  IN  CORNER  OF  SLIP 
SEATTLE  ’ 


-L1U1-73/F-29 

FIGURE  F-29.  SHORELINE  DEBRIS  AT  WEST  POINT  AREA,  SEATTLE 


TABLE  F.  (Continued) 


Debris  Encountered 

by  Category _ __  _  _ Description 

Non-Rigid  Shapes  Life  jackets,  rolled  sleeping  bags,  shoes,  and  cardboard 

boxes  are  found  floating  in  the  Seattle  area.  These  items 
would  normally  be  encountered  one  item  at  a  time. 

Rigid  Shapes  Cork,  floats,  burnt  flares,  pieces  of  boats,  whole  dere¬ 

lict  boats,  automobile  and  truck  tires,  whole  banded 
groups  of  logs,  houseboats,  and  pieces  of  furniture  occur 
in  the  Seattle/Tacoma  area.  These  items  would  also  be 
found  one  item  at  a  time. 

Flexible  Sheets  Visqueen  plastic  sheets  of  all  sizes  are  found  here  and 

there  floating  in  the  water.  Some  sheet  paper  and  card¬ 
board  is  also  found. 

Rigid  Sheets  Hatch  covers  and  plywood  pieces  of  various  sizes  arc 

found  one  item  at  a  time*. 

Filamentous 

Pieces  Kelp  is  found  throughout  the  Sound  in  pieces  or  growing 

in  groups.  Some  kelp  would  be  encountered  in  the  open 
waters  of  the  Sound  near  Seattle  or  Tacoma  in  a  spill. 

Special  Cases  Bottles,  cans,  baseballs,  tennis  balls,  light  bulbs,  oil 

drums,  LNC  tanks,  milk  cartons,  and  paper  cups  are  found 
one  item  at  a  time  in  the  Seattle/Tacoma  area. 


TABLE  F.  (Continued) 


Debris  Encountered 
by  Category 


Description 


Northwest  Region  Bellingham/Everet- r  Pnr>  Areas 


General 
Wood  Items 


Other 

Categories 


The  main  sources  of  debris  in  Everett  and  Bellingham  are 
related  to  logging.  The  same  types  of  debris  are  found 
in  these  ports  as  are  found  in  Puget  Sound.  The  concen¬ 
tration  of  material,  however,  is  greater  in  Everett  and 
Bellingham  because  of  the  large  quantity  of  log  rafts 
transported  in  these  ports.  Large  amounts  of  bark  chips, 
loose  logs,  and  slash  material  occur  in  these  ports.  In 
one  3-month  period,  39,375  cubic  feet  of  unmarketable 
logging  slash  deLris  alone  was  collected  by  an  Everett 
contractor  working  for  the  State  of  Washington(1) . 


Very  little  debris  other  than  wood  is  found  in  these  har¬ 
bors.  For  a  description  of  the  other  types  of  debris  that 
can  be  found,  see  the  Puget  Sound  discussion. 


Pacific  Ocean  Region 


As  of  now,  limited  data  are  available  concerning  the  type 
and  quantity  of  debris  in  the  Pacific  Ocean.  One 


(1) 


Conversation  between  American  Tugboat  Company, 
Battelle-Long  Beach  (November  13,  1973) 


Everett,  Washington,  and 
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Debris  Encountered 
by  Category 


General  (Contin¬ 
ued) 


General 
Wood  Items 


(1)  Venrick,  E.  L. 
North  Pacific 


Description 


reference  —  a  report  on  the  material  observed  during  a 
Scripps  Institution  expedition  in  the  Pacific — was  pub¬ 
lished  in  1973^.  On  this  expedition,  objects  such  as 
fishing  floats  (5  to  19  inches  in  diameter),  bottles 
(glass  and  plastic),  fragments  of  plastic  bottles,  rope, 
rubber  sandals,  paper  items,  and  other  articles  were 
observed  at  an  average  frequency  of  one  every  12  minutes. 
This  quantity  of  debris  would  be  of  minor  concern  in  an 
oil  spill  and  is  small  when  compared  to  the  situations 
that  develop  in  harbors  and  other  areas  where  a  great 
deal  of  concentrated  local  activity  Lakes  place. 


Honolulu ,  Hawaii  Area 


Some  wood  enters  the  Hololulu  shorefront  area  from  the 
adjacent  hills.  Most  is  natural  wood,  consisting  of 
branches  and  trunks  of  trees.  Normal  quantities  on  the 
water  are  light  but  can  be  moderate  when  southern  winds 
bring  material  trapped  under  docks  out  in  fairly  large 
quantities.  (Normal  trade  winds  are  northeasterly*) 
Most  wood  items  are  small  or  medium  sized. 


,  et  al,  "Man  Made  Objects  on  the  Surface  of  the  Central 
Ocean",  Nature,  Vol.  291  (January  26,  1973). 
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Debris  Encountered 
by  Category  _ 


Description 


Other 

Categories  Some  municipal  debris,  such  as  bottles,  cans,  and  paper 

washes  down  into  the  harbor  after  heavy  rains.  Coconuts, 
palm  fronds,  tropical  plants,  and  leaves  also  enter  the 
shorefront  area  after  storms. 


Pearl  Harbor.  Hawaii  Area 


General 
Wood  Items 


Other 

Categories 


Some  floating  wood  is  found  in  Pearl  Harbor.  Most  is  natu¬ 
ral  wood  —  tree  limbs  and  branches  —  that  comes  down  out 
of  the  mountains  after  heavy  rains.  Estimated  sizes  range 
from  3  to  10  feet  in  length  and  1  to  6  inches  in  dia¬ 
meter  ^  ^  . 


Other  debris  in  Pearl  Harbor  consists  of  material  discarded 
from  Navy  ships  in  the  port.  Items  include  paint  cans, 
beer  cans,  soda  cans,  rags,  and  pieces  of  plastic.  Concen¬ 
trations  of  debris  occur  underneath  wharfs  and  docks.  The 
Navy  conducts  a  regular  harbor-cleanup  operation  which 
picks  up  an  estimated  1,300  cubic  feet  of  debris  weekly, 
mostly  rubbish  .  On  severe  days  when  the  wind  shifts  and 

brings  material  out  from  under  the  docks,  an  estimated  2,200 

(3) 

to  2,400  cubic  feet  of  debris  is  picked  up  daily  ,  In  past 


(1)  Conversation  with  Shop  02  Personnel  of  the  Navy  in  Pearl  Harbor  (March 
7,  1974). 

(2)  Ibid. 

(3)  Ibid. 
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Debris  Encountered 
by  Category 


Descript  ion 


Other 

Categories  (Con- 
t inued) 


small  oil  spills,  no  difficulty  with  debris  has  occurred 
while  picking  up  the  oil  with  a  small  floating  skimmer. 
(Debris  mixed  in  with  the  spill  is  recovered  using  a 
hand  skimmer). 


APPENDIX  G 


MAJOR  OIL  SPILLS 


Appendix  G  contains  descriptions  of  12  major  oil  spills  that  have 
taken  place  in  the  United  States.  Both  spills  where  debris  was  a  problem 
and  spills  where  there  were  no  significant  concentrations  of  debris  are 
described. 
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APPENDIX  G 


A. _ MAJOR  OIL  SPILLS 

This  Appendix  discusses  Che  methods  and  equipment  used  to  handle 
debris  in  selected  major  oil-pollution  incidents.  Where  possible,  the  equip¬ 
ment  and  techniques  used  are  described  in  terms  of  the  design  and  perfor¬ 
mance  considerations  given  in  Chapter  III. 

1.  San  Francisco  Bay  Tankers  Collision 

At  about  1:45  a.m.  January  18,  1971,  two  oil  tankers,  the  Oregon 
Standard  and  the  Arizona  Standard,  collided  in  the  fog  near  the  Golden  Gate 
Bridge  in  San  Francisco  Bay.  The  Oregon  Standard  spilled  approximately 
20,000  barrels  of  bunker  fuel  into  the  Bay.  The  Standard  Oil  Company  of 
California  had  a  contingency  plan,  based  on  just  such  an  incident,  which 
went  into  effect  immediately.  The  ensuing  cleanup  effort  has  been  well 
documented  in  various  newspaper  and  magazine  articles  as  well  as  in  indus¬ 
try  and  Coast  Guard  reports. 

During  the  first  few  hours  of  the  cleanup,  there  was  little  need 
for  debris-handling  equipment.  During  the  later  stages,  however,  the  oil — 
which  had  begun  to  take  on  a  putty-like  consistency — mixed  with  the  natural¬ 
ly  occurring  debris  of  the  Bav  and  the  tons  of  straw  which  were  spread  on 
oil  slicks  and  along  beaches  in  an  effort  to  redure  oil  damage  to  the  envi¬ 
ronment.  Several  pieces  of  oi 1 /straw/debris-recovery  equipment  were  pressed 
into  service;  in  fact,  of  the  21  major  oil-recovery  devices  used  during  the 
9-day  cleanup,  eight  were  used  specifically  for  picking  up  oil-soaked  straw 
and  debris. 

The  barge,  Healy-Tibbi  t ts  No.  9  (see  Figures  C-l  and  G-2) ,  was  on 
the  scene  early  and  as  a  result  picked  up  more  oil-soaked  straw  than  any 
other  rig.  It  consisted  of  two  barges  lushed  together  to  form  an  open  "V" 
which  collected  and  concentrated  oil  and  straw  as  the  barges  were  moved 
forward  by  a  pusher  tug.  A  crane  with  a  clamshell  bucket  mounted  on  the 
larger  (200-foot  length  by  40-foot  width)  barge  dipped  oi 1 /straw/debris  out 
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28] 


(1)  Boyds ton,  op  cit ,  p.  F-34. 


of  the  "V  and  loaded  it  into  the  scow  barge.  The  extensive  deck  space  on 
the  large  barge  was  used  to  store  additional  hay  bales  to  be  spread  on 
slicks  and  open-top  barrels  to  be  hand-loaded  with  oil/straw/debris.  It 
was  also  used  as  a  base  for  deploying  portable  skimmers  and  for  temporary 
oil  storage  tanks.  The  extensive  storage  capacity  of  the  scow  barge  gave 
this  rig  excellent  on-scene  staying  time.  This  rig  was  not  suited  for  open- 
sea  operation,  but  it  could  be  easily  maneuvered  and  kept  on  station  in 
heavy  concentrations  of  oil/straw/debris,  and  the  crane  with  clamshell  could 
be  operated  over  the  top  of  a  containment  boom. 

Duncanson-Harrelson  No.  16  (see  Figures  G-3  and  G-4)  consisted  of 
a  barge-mounted  crane  alongside  a  scow  barge  with  a  tugboat  for  propulsion. 

A  specially  made  40-foot-long  basket  of  wire  mesh  over  a  steel-pipe  frame 
was  positioned  by  the  crane  over  the  forward  end  of  the  barge  to  collect 
01 1/straw/debris  which  was  then  dumped  into  the  scow.  This  rig  was  very 
effective;  and  had  it  been  on  the  scene  earlier  in  the  cleanup  effort,  it 
probably  would  have  collected  more  oil/straw  than  the  Healy-Tibbitts  No.  9. 
Like  the  Healy-Tibbitts  No.  9,  this  rig  was  not  suitable  for  open-ocean 
operations  and  had  to  be  pushed  forward  through  the  slicks  for  best  results. 


The  most  versatile  rig  was  the  Rig  Engineer  (see  Figure  G-5) , 
which  consisted  of  two  Gradall  C-800  hydraulically  actuated,  truck-mounted 
backhoes  with  basket  scoops,  mounted  on  the  deck  of  a  140-foot-long  by 
30-foot-wide  work  boat.  Equipped  with  twin  screws  and  a  bow  thruster,  the 
Rig  Engineer  had  a  top  speed  of  IS  knots  and  excellent  maneuverability, 
making  it  extremely  effective  in  chasing  down  and  collecting  scattered 
oil/straw/debris  patches  in  the  later  stages  of  the  cleanup.  With  the 
Cradalls  moving  about  on  its  deck,  the  Rig  Engineer  was  able  to  position 
itself  in  one  spot  and  collect  debris  without  having  to  move.  This  feature 
would  be  valuable  in  a  case  where  the  debris  collection  had  to  be  done  over 
the  top  of  a  boom  or  barrier.  In  addition,  the  Rig  Engineer  was  capable  of 
recovering  otl/straw/debris  in  3-foot  waves,  making  it  one  of  the  few  rigs 
with  some  open-ocean  capacity.  Had  it  been  on-scene  from  the  beginning,  it 
would  undoubtedly  have  recovered  as  much  oil/straw/debris  as  the  other  rigs. 
These  three  massive  rigs  were  capable  of  recovering  100  to  200  tons  of 
oil/straw/debris  in  12  hours. 
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DUNCANSON-HARRELSON  NO.  16,  SKETCH 


FIGURE  G-5 .  RIG  ENGINEER 


The  Corps  of  Engineers'  debris  boats  were  also  used  to  collect 
patches  of  oily  straw  and  debris,  but  they  were  not  as  effective  as  the 
larger  rigs,  primarily  because  of  their  relatively  limited  storage  capacity. 
This  storage  capacity  was  augmented,  however,  by  dumping  onto  the  scow 
barges.  The  Coyote  and  Raccoon,  designed  specifically  for  collecting  large 
items  of  debris  in  the  Bay,  were  most  effect  ive  when  used  to  chase  down  and 
gather  scattered  patches  and  windrows  of  oily  scum,  straw,  a^d  debris. 
Although  not  suited  for  the  open  sea,  these  boats  have  enough  speed  and 
maneuverability  to  cope  with  the  6-knot  currents  common  in  San  Francisco 
Bay . 

The  other  three  "straw-picking"  rigs  were  basically  smaller  ver¬ 
sions  of  those  described  above,  but  they  were  Jess  effective  because  of 
their  smaller  collection  baskets,  limited  storage  capacity,  and  reduced 
speed  and  maneuverability.  None  of  the  mechanized  debris-collection  rigs 
were  able  to  operate  in  the  extensive  shallow  areas  of  the  Bay.  Where  the 
water  was  only  1  or  2  feet  deep,  oily  straw  and  debris  were  picked  up  by 
laborers  working  out  of  scores  of  small  skiffs  or  wading,  using  pitchforks, 
shovels,  rakes,  hoes,  and  their  bare  hands  to  load  open-top  55-gallon  drums, 
baskets,  arid  barrels.  Cleanup  work  around  piers  and  docks  consisted  of 
basically  this  same  kind  of  manual  operation  (see  Figures  C-6,  G-7,  and  G-8) , 
but  also  included  the  use  of  an  LCM  with  a  sorbent /debris  conveyor  mounted 
on  its  loading  rami’.  The  LCM  (see  Figure  C-9)  was  able  to  maneuver  easily 
in  confined  areas;  but,  with  its  bow  door  down,  it  was  limited  to  very  calm 
waters,  and  its  rate  of  recovery  of  oily  straw  and  debris  was  very  low  com¬ 
pared  to  the  larger  rigs  used  out  in  the  Bay. 
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FIGURE  G-7.  STRAW  PICKER  FIBERGLASS  BARGE  42'L  x  12’W,  OUTBOARD  MOTOR  POWER 


.  Oakland  Estuary  Spill 


The  spillage  of  some  171,000  gallons  of  reclaimed  crankcase  oil 
into  the  Oakland  Estuary  on  the  night  of  January  18,  1973,  resulted  in  what 
has  been  called  a  "classic  oil  and  debris  cleanup  problem"  During  the 

cleanup  effort,  which  lasted  7-1/2  days  and  is  described  in  great  detail  in 
Reference  2,  some  1,400  cubic  yards  of  oil-soaked  debris  were  removed  from 
the  3-mile  stretch  of  waterway,  loaded  into  trucks,  and  disposed  of  in  an 
approved  dump. 

The  Corps  of  Engineers'  debris  boats  were  very  effective  in  recov¬ 
ering  large  items  of  debris  from  open  water  in  the  estuary.  Their  debris 
nets  were  sometimes  lined  with  commercial  oil  sorbents  and  straw  to  aid  in 
picking  up  patches  of  oil.  The  limited  storage  capacity  of  the  Coyote  and 
Raccoon  was  augmented  by  placing  large  trash  barges  at  strategic  points 
along  the  waterway  where  the  boats  could  offload.  These  two  boats  recovered 
more  oily  trash  and  debris  than  any  of  the  other  rigs. 

Six  cranes  equipped  with  clamshell  buckets,  including  one  mounted 
on  a  barge,  were  stationed  at  sites  along  the  estuary  where  skimming  opera¬ 
tions  were  conducted,  or  where  the  greatest  concentrations  of  debris  were 
found  (Figure  C-10) .  Most  of  the  debris  dipped  out  of  the  water  was  loaded 
directly  into  dump  trucks,  which  carried  it  to  the  disposal  dump  approved 
by  the  Regional  Water  Quality  Control  Board.  Some  of  the  debris  was  hauled 
to  an  approved  dump  site  by  the  1,500-cubic-yard  trash  barge  loaded  at  Ninth 
Avenue  Pier.  The  clamshell  buckets  worked  well  as  long  as  the  debris  could 
be  concentrated  in  one  area  near  shore.  Specialized  equipment,  such  as  log 

(3) 

grapples,  for  handling  large  timbers,  were  not  considered  to  be  necessary 

Fleets  of  small  skiffs  and  workboats  were  deployed  along  the  high¬ 
ly  developed  shoreline  to  clean  up  around  piers  and  in  small  boat  marinas. 
Workers  used  pitchforks  covered  with  wire  mesh  to  hand-load  oily  debris  into 

(1)  Meeting  with  LCDR  John  Wiechert,  Commanding  Officer,  U.  S.  Coast  Guard, 
Pacific  Strike  Team,  San  Francisco,  CA  (December  26,  1973). 

(2)  Clean  Bay,  Inc.,  "Cleaning  Up  the  Oakland  Estuary  Spill  January  19-26, 

1973"  (1973). 

(3)  Telephone  conversation  with  CDR  Cordon  Dickman,  MEP,  12th  Coast  Guard  Dist. 
San  Francisco,  CA  (February  7,  1974). 


barrels,  or  simply  into  the  bottoms  of  their  boats.  Workers  with  mesh-cov¬ 
ered  pitchforks  were  stationed  at  skimmer  locations  to  manually  remove 
debris  from  the  skimmer  suctions. 

The  propeller  wash  from  tugboats  tending  the  booms  deployed  across 
the  Estuary  helped  to  divert  oil/debris  away  from  direct  contact  with  the 
ho.om  and  over  to  the  Oakland  shore,  where  it  was  picked  up  by  clamshell, 
lowing  one  end  of  the  boom  with  a  boat  also  enabled  the  barrier  to  be 
adjusted  more  easily  when  the  tidal  currents  changed.  Propeller  wash  from 
large  tugs  was  also  used  to  flush  out  oil/debris  from  underneath  piers,  but 
high-pressure  water  hoses  and  tidal  action  worked  better  in  these  situations. 

3.  San  Juan  River  Spill 

On  October  10,  1972,  slightly  less  than  7,000  barrels  of  crude 
oil  spilled  from  the  damaged  Aneth  pipeline  west  of  Shiprock,  New  Mexico. 

Much  of  it  found  its  way  into  the  San  Juan  River,  which  flows  into  Lake 
Powell.  Some  was  recovered  near  the  spill  site,  but  the  major  cleanup 
effort  was  centered  far  downstream  in  the  upper  reaches  of  the  San  Juan 
River  arm  of  Lake  Powell. 

Oil  hit  the  first  containment  boom  that  was  placed  across  the 
river  on  October  13,  and  nearly  5  acres  of  debris  collected  behind  the  boom. 
Flood  currents  up  to  4  knots,  due  to  constant  rains  in  the  area,  however, 
caused  the  boom  to  break.  Operations  were  moved  some  4  miles  downstream 
to  deeper  water  where  the  currents  ran  much  more  slowly  (1  to  1-1/2  knots). 
Booms  were  again  deployed,  but  this  time  they  were  used  to  divert  the  oil- 
soaked  debris  to  quiet  waters  along  the  river  bank.  The  most  successful 
booms  were  those  constructed  at  the  scene  using  large  logs,  20  to  28  inches 
in  diameter  and  40  feet  long,  which  were  chained  end  to  end.  One  end  of  the 
boom  was  fastened  to  shore  and  the  other  to  a  small  outboard-powered  boat 
which  maneuvered  in  the  river  to  catch  patches  of  debris  and  divert  them 
toward  shore.  Several  outboard  motors  were  burned  out  doing  this  heavy 
work. 


On  shore,  two  cranes  brought  in  by  LCM  picked  debris  out  of  the 
water  with  clamshell  buckets  and  loaded  it  directly  into  dump  trucks  which 
took  it  to  bulldozed  disposal  pits.  In  later  stages  of  the  cleanup  opera¬ 
tion,  which  lasted  through  December  21,  specially  designed  dragline  baskets 
were  constructed  at  the  scene  from  steel  tube  and  wire '.fence  and  were  mount¬ 
ed  on  the  cranes.  Debris  was  then  scooped  out  of  the  river'  apd  dumped  on 
the  shore  where  a  large  front-end  loader  scooped  it  up  and  loaded  it  into 
dump  trucks.  This  method  was  more  efficient  than  emptying  fch'fe  clamshells 
directly  into  the  trucks.  Some  attempts  were  made  to  use  agricultural. 
slurry  pumps  to  pump  water/oil/debris  out  of  the  river  and  into -specially 
constructed  dikes  on  the  riverbank  and  to  trap  oily  debris  by  allowing  the 
water  to  run  out  the  bottom,  but  these  methods  failed  because  the  flow 
broke  down  the  earthen  dikes.  Attempts  to  burn  the  oily  debris  on-scene 
I  ailed  because  of  constant  rain  which  soaked  the  already  wet  debris.  It 
was  finally  disposed  of  in  two  large  bulldozed  pits. 

The  single  road  to  the  remote  cleanup  site  was  impassable  due  to 
rains  and  flooding,  so  helicopters  and  an  IXM  were  used  to  bring  in  equip¬ 
ment  and  material.  CH-47  Chinook  helicopters  brought  in  the  2-ton  logs  for 
the  log  boom  two  at  a  time.  Some  large  items  of  debris-handling  equipment 
could  not  be  brought  to  the  scene  because  they  were  either  too  large  for  the 
LCM  or  too  heavy  for  the  helicopters.  In  general,  it  took  at  least  24  hours 
to  get  a  desired  piece  of  equipment  to  the  scene. 

It  is  estimated  that  the  cleanup  cost  was  between  $750,000  and 
$1,000,000.  During  the  3-1/2-month  operation,  an  estimated  25,000  cubic 
yards  of  oil-soaked  debris  was  recovered.  Of  the  oil  spilled,  approximately 
1,000  barrels  were  recovered  with  the  debris.  The  debris-cleanup  operation 
was  fairly  thorough,  but  it  was  "painfully  slow"(1),  considering  the  amount 

of  debris  encountered,  the  flooding,  and  the  problem  of  accessibility  to 
the  site. 

Secondary  effects  to  the  environment  were  kept  to  a  minimum  by 
operating  ma.nly  in  areas  which  will  be  underwater  when  Lake  Powell  is  filled. 


(1) 


Telephone  conversation  and  visit  with  LCDR  Wiechert,  U. 
Pacific  Strike  Team,  San  Francisco,  CA  (December  1973). 


S.  Coast  Guard, 
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('are  was  taken  to  avoid  damage  to  adjacent  Indian  land;  and,  after  the  opera¬ 
tion  was  terminated,  2  days  were  spent  improving  the  access  roads  which  had 
been  constructed  in  the  immediate  cleanup  area. 

4.  Schuylkill  River  Spill,  1970 

There  have  been  two  major  oil  spills  in  the  Schuylkill  River  in 
the  past  few  years,  and  both  have  been  accompanied  by  severe  debris  problems. 
The  first  occurred  on  November  13,  1970,  when,  after  several  days  of  very 
heavy  rain,  an  estimated  3,000,000  gallons  of  oil/water  mix  in  the  Berks 
Associates'  settling  lagoons  overflowed  the  earthen  dikes  and  spilled  into 
the  River.  This  spill  and  the  subsequent  12-day  cleanup  effort  are  reported 
in  Reference  1. 

Marly  attempts  to  contain  the  oil,  by  placing  booms  directly  across 
the  river  failed  repeatedly  because  the  swift  current  (3  knots)  and  heavy 
accumulat ions  of  debris  caused  the  booms  to  part.  Eventually,  plans  were 
made  to  place  a  diversionary  boom  across  the  Schuylkill  at  the  Pennrose 
Avenue  Bridge  in  Philadelphia,  some  30  miles  downstream  from  the  original 
site,  where  the  current  was  much  slower.  The  boom  was  finally  pul  in  place 
(about  26  hours  after  the  spill  occurred)  to  divert  oil/debris  into  a  quiet 
cove  near  the  bridge  where  an  on-shore  crane  with  clamshell  bucket  hauled 
out  the  debris.  Oil  skimmers  were  then  put  into  operation.  The  Corps  of 
Engineers'  dredging  barge  was  placed  midstream  to  anchor  one  end  of  the 
diversionary  boom,  and  a  small  outboard  workboat  was  used  to  open  and  close 
the  boom  to  allow  workboats  to  cross  (Figure  G-ll)  .  A  diversionary  boom  was 
also  placed  at  Fort  Miflin,  on  the  Delaware  River,  where  an  on-shore  crane 
with  a  clamshell  hauled  out  debris. 

The  Commonwealth  of  Pennsylvania's  debris  boat.  Sheriff  (described 
earlier),  was  put  into  service  recovering  debris  from  the  boomed  area  at 
Pennrose  Avenue  Bridge  and  loading  it  aboard  a  Corps  of  Engineers  barge. 

(1)  Division  of  Oil  and  Hazardous  Materials.  Office  of  Water  Programs, 
Environmental  Protection  Agency,  "Oil  on  the  Schuylkill"  (undated). 
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Hie  Sheriff  worked  particularly  well  because  its  hydraulic  loader  was  able 
to  reach  over  the  boom  to  pick  up  debris.  In  all,  828  tons  of  debris  were 
recovered  at  the  Pennrose  Avenue  Bridge  site. 

Upstream  of  the  Bridge,  a  fillet  fence  of  stecl-reini  orred  cyclone 
fence  was  emplaced  against  tat'  upstream  side  of  another  bridge  to  trap 
debris  and  keep  it  from  hindering  the  oil-recovery  operations  downstream. 
This  worked  well,  as  it  allowed  oil  to  flow  downstream  lo  the  skimmer  site. 

It  should  have  been  done  earlier  in  the  cleanup  effort. 

At  abandoned  l.ocl.  Id)  ol  Black  Rock  Dam,  upstream  of  Philadelphia, 
a  huge  amount  of  oily  debris  had  gathered  in  the  natural  pocket  formed  bv 
the  lock.  A  trash  rake  built  at  scene-  was  used  to  manual  I  v  haul  out 

debris  at  this  site^.  This  was  one  of  many  natural  catch  basins  for  oil/ 
debris  which  could  have  been  used  eltectively  in  conjunction  with  diversion¬ 
ary  boom  to  collect  oil/debris  far  upstream  of  Philadelphia.  At  many  small 
roves  and  curves  in  the  river,  pockets  of  oil  and  debris  had  collected. 

Water  hoses  were  used  to  flush  this  oil/dehris  out  into  the  main  stream  and 
down  river  to  boomed  off  areas. 

5.  Schuylkill  River  Spill,  1972 

The  second  major  Schuylkill  spill  occurred  during  the  floods 
caused  by  Hurricane  Agnes  in  June,  1972,  and  again  involved  reclaimed  crank¬ 
case  oil  from  Berks  Associates'  reservoirs — this  time  some  6,000,000  gallons. 
A  diversionary  boom  was  again  emplaced  at  the  Pennrose  Avenue  Bridge  site  in 
Philadelphia,  and  cranes  and  the  Commonwealth  boat.  Sheriff,  were  used  to 
clean  up  debris.  The  boom  required  constant  tending  and  periodic  mainte¬ 
nance  throughout  the  3-raonth  cleanup  operation.  A  large  amount  of  debris 
was  handled  at  the  boom  site  by  manual  laborers  with  rakes  and  pitchforks. 

The  flooding  was  so  severe  that  much  of  the  debris-handling  effort 
involved  gathering  oil-soaked  vegetation,  soil,  and  other  debris  from  the 
riverbank,  from  islands  in  the  River,  and  from  the  flood  plain  along  the 


(1)  Environmental  Protection  Agency,  op  cit. 
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River  up  to  several  hundred  yards  from  the  riverbank  itself.  The  major  por¬ 
tion  of  this  cleanup  involved  manually  picking  up  debris  and  loading  it  into 
barrels,  baskets,  wheelbarrows,  and  trucks  with  shovels,  rakes,  and  pitch- 
forks.  In  some  cases  teams  ol  farm  horses  were  brought  in  to  pull  dragline 
buckets  along  the  shoreline,  but  for  the  most  part,  heavy  mechanized  equip¬ 
ment  was  not  used  because  of  the  damage  it  would  have  caused  to  the  marshy, 
unstable  soil.  At  places  along  the  River  where  the  soil  was  firm  enough,  or 
where  there  were  roads,  piers,  or  landings  along  the  bank,  large  stake 
trucks  with  powerful  winches  were  used  to  pull  out  large  logs  and  tree  limbs. 
Boom  cranes  on  the  trucks  then  hoisted  the  large,  heavy  items  of  debris 
aboard.  In  a  few  areas,  bulldozers  and  front-end  loaders  were  used  to 
collect  debris.  At  the  peak  of  the  cleanup  operation  some  500  people  were 
employed . 

The  oil-soaked  debris  was  loaded  into  dump  trucks  which  then 
drove  up  a  ramp  over  a  railroad  siding  and  dumped  the  debris  into  waiting 
hopper  cars.  The  hopper  cars,  which  were  sealed  to  prevent  oil  leakage, 
were  taken  to  an  approved  disposal  area  and  dumped.  In  all,  some  200  hopper- 
car  loads  of  oily  debris  were  disposed  of  in  this  manner. 

Except  for  the  operation  at  the  Pennrose  Avenue  Bridge  site,  near¬ 
ly  all  the  debris  was  collected  by  shore-based  operations.  This  was  due 
primarily  to  the  fact  that  t lie  River  was  in  flood  stage  at  the  start  of  the 
cleanup  effort,  and  any  large  barges  or  boats  could  have  been  left  aground 
as  the  floodwaters  gradually  receded. 

One  interesting  technique  which  was  used  as  t  lie  flooding  subsided 
was  to  place  filter  fences  at  the  mouths  of  small  streams  that  entered  the 
Schuylkill.  These  fences — which  consisted  of  cyclone  fencing  supported  by 
steel  fence  posts  and  reinforcing  rod,  and  lined  with  sorbent  pads — captured 
much  of  tile  oily  debris  ami  sludge  before  it  could  find  its  way  back  into 
the  River  from  the  flood  plain. 

'i ;  wiisaiids  of  55-gallon  steel  drums  were  washed  downstream  in  the 
flood,  and  these  were  particularly  hard  to  handle  because  many  were  full  or 
half  full  of  paint,  chemicals,  and  other  hazardous  materials.  The  Sheriff, 
with  its  hydraulic  1  rent-end  loader,  was  best  suited  for  recovering  these 
drums.  Most  of  the  drums  were  stored  at  Fort  Miflin  for  later  disposal, 
and  many  were  returned  intact  to  llioir  original  owners. 
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6.  Casco  Bay,  Maine,  Spill 


Early  on  the  morning  of  July  22,  1972,  the  Norwegian  Tanker,  Tamano, 
inbound  for  Portland,  Maine,  with  543,000  barrels  of  No.  6  fuel  oil,  struck 
bottom  in  Hussey  Sound,  rupturing  one  of  her  starboard  wing  tanks.  Best 
estimates  indicate  that  100,000  gallons  of  fuel  oil  escaped,  and  that  some 
70.000  gallons  were  recovered  in  the  subsequent  cleanup  efforts.  Early  d 
ployment  of  containment  booms  around  the  Tamano  reduced  debris-handling  prob¬ 
lems  to  a  minimum  within  the  boomed-off  area  and  allowed  efficient  use  of 
skimmers.  A  major  portion  of  the  30,000  gallons  which  was  not  recovered  by 
skimming  hit  the  beaches  of  the  Maine  Coast  and  the  islands  in  and  around 
Casco  Bay,  requiring  an  extensive  beach  cleanup  project  which  lasted  until 
October  16,  1972.  A  detailed  account  of  the  spill  cleanup  operation  can  be 
found  in  Reference  1. 

The  major  debris  problems  in  this  spill  were  caused  by  hay  and 
straw  which  were  spread  on  the  oil  slicks  outside  the  boomed  area  surround¬ 
ing  the  Tamano,  and  bv  seaweed  and  eel  grass  which  became  mixed  witli  the 
oil.  Nearly  all  of  the  floating,  oily  debris  was  recovered  by  capturing 
the  oil/debris  patches  in  boom  catenaries  Lowed  by  small  boats,  reducing 
the  area  enclosed  by  the  boom  to  concentrate  the  oil/debris,  and  dipping 
the  oily  debris  into  open-top  barrels  by  hand  using  pitchfirks,  rakes,  and 
shovels.  Virtually  no  mechanized  debris-handling  equipment  was  used  to 
remove  the  debris  from  the  water.  The  barrels  of  oil/debris  were  hoisted 
from  work  boats  to  barges,  offloaded  from  the  barges  by  cranes,  and  then 
loaded  onto  trucks  for  transport  to  a  disposal  site.  The  basic  debris-re¬ 
covery  technique  was  manual  .labor. 

•i 

The  cleanup  of  oil-contaminated  beaches,  in  the  weeks  following 
the  recovery  of  oil  and  oily  debris  actually  floating  in  the  water,  involved 
bulldozers,  front-end  loaders,  dump  trucks,  and  several  cranes;  but  this 
part  of  the  operation  did  not  involve  removing  debris  from  the  water.  The 


(1)  USCG  Captain  of  Port,  Portland,  ME,  "On-Scene  Coordinator's  Report, 
Major  Oil  Spill,  Casco  Bay,  Maine,  22  July,  1972"(1972). 
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problem  of  locating  a  suitable  disposal  site  for  the  oil-soaked  debris  was 
a  major  one,  as  discussed  in  the  on-scene  commander's  report^. 

A  lack  of  sufficient  on-scene  temporary  storage  capacity  for  oily 
debris  was  a  problem  in  this  spill,  as  it  has  been  in  others.  Debris-recov¬ 
ery  operations  were  slowed  because  of  the  lack  of  barrels  available  for  oil/ 
debris,  and  workers  had  to  cease  work  while  the  full  barrels  were  barged  to 
a  er,  emptied,  and  returned. 

The  State  of  Massachusetts'  JBF  DIP-2001  skimmer  was  used  fairly 
successfully  in  recovering  patches  of  oil  and  oil-soaked  straw.  It  was 
towed  alongside  a  35-foot  steel  tug  while  oil  and  debris  were  gathered  in 
its  4  by  5-foot  collection  well.  The  oil/debris  was  loaded  manually  into 
open-top  barrels  which  were  transferred  to  the  tug  and  then  to  a  barge  along¬ 
side  the  Tamano.  The  major  difficulty  here  again  was  the  lack  of  on-scene 
temporary  storage  capacity.  The  operation  of  the  JBF  skimmer  is  well  detail¬ 
ed  in  Reference  2.  Recovery  of  straw,  seaweed,  eel  grass,  and  small  cate¬ 
gories  of  debris  was  quite  good  with  the  DIP-2001;  but  large  items  of 
debris,  such  as  heavy  timbers,  could  not  be  handled  and  might  even  have 
caused  damage  to  the  moving  inclined  plane,  its  rollers,  and  drive  sockets. 

7,  USNS  Towle  Spill 

On  the  evening  of  July  14,  1971,  the  USNS  Pvt.  John  R.  Towle  was 
transferring  Bunker  C  fuel  oil  at  the  Marine  Ocean  Terminal  (MOT) ,  Bayonne,  New 
Jersey,  when  the  engineer  in  charge  mistakenly  aligned  the  flow  to  an  over¬ 
board  discharge.  The  mistake  was  not  noticed  until  several  hours  later, 
and  the  Navy  later  estimated  that  900  barrels  of  fuel  were  spilled.  The 
initial  delay  in  discovering  the  spill  and  subsequent  delays  in  deploying 
enough  boom  to  surround  the  ship  and  MOT  pier,  where  the  slicks  were  thick¬ 
est,  allowed  the  oil  to  spread  extensively  throughout  parts  of  New  York 


(1)  USCG  Captain  of  Port,  Portland,  ME,  op  cit. 

(2)  Bianchi,  Ralph  A.,  et  al,  "Use  of  the  Massachusetts  DIP  Oil  Skimmer  on 
Free  Slicks  in  the  Casco  Bay  (Portland)  Spill",  in  Proceedings,  Joint 
Conference  on  Prevention  and  Control  of  Oil  Spills,  sponsored  by  API, 
EPA,  USCG  (1973). 
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Harbor.  Reference  1  gives  a  detailed  account  of  the  problems  involved  with 
the  spill-cleanup  effort. 

All  of  the  oil-skimming  operations  were  centered  in  the  boomed-off 
area  around  the  Towle  and  the  MOT  pier.  There  was  little  need  for  debris- 
handling  equipment  inside  the  boom,  which  kept  this  area  relatively  free  of 
waterborne  drift  and  debris.  Vacuum  hoses  and  a  Reinwerft  1000  skimmer  were 
used  to  recover  oil  inside  the  boom.  In  later  stages  sorbents  were  scatter¬ 
ed  on  the  thin  rainbow  slicks  inside  the  booms,  and  vacuum  trucks  with  large 
(12-15  inch)  intakes  had  no  difficulty  in  recovering  the  large  quantities  of 
oil-soaked  sorbents  (both  "Stricktite"  and  "Sorbent-C"  were  used).  There 
was,  initially,  some  problem  in  clearing  oil  out  of  storm  drains  in  the 
pier  and  from  under  the  pier,  due  to  blockage  by  debris  (trash,  leaves, 
small  categories);  but  high-pressure  water  hoses  from  New  York  City  fire- 
boats  and  propeller  wash  from  tugboats  tied  to  the  pier  were  used  to  success¬ 
fully  flush  oil  and  debris  from  these  areas. 

Outside  the  boomed  area,  the  cleanup  effort  consisted  almost 
entirely  of  dealing  with  oil  which  came  ashore  on  the  beaches  at  Coney 
Island,  Staten  Island,  Seagate,  and  elsewhere.  Apparently  no  attempt  was 
made  to  chase  down  and  recover  free-floating  slicks  n  the  harbor.  Beach 
cleanup  consisted  basically  of  manually  raking  and  shovelling  oil-soaked 
sand,  seaweed,  driftwood,  and  trash  into  rows  parallel  to  the  waterline, 
then  using  front-end  loaders  to  scoop  up  the  rows  and  load  the  oily  debris 
into  dump  trucks.  Bulldozers  were  used  on  3.5  miles  of  Coney  Island  beach 
to  construct  berms  which  collected  oil/debris  as  the  tide  flowed  in  and 
allowed  water  to  filter  out  on  the  ebb  tide,  trapping  oil  and  debris  which 
was  cleaned  up  by  laborers  and  front-end  Baders.  On  Staten  Island  similar 
operations  on  a  smaller  scale  yielded  27  truck  loads  (20  cubic  yards  each) 
of  oil  and  oil-soaked  material. 

Equipment  for  beach  cleanup  included  front-end  loaders,  bulldozers, 
2.5-ton  trucks  from  various  departments  of  the  City  of  New  York  and  civilian 
contractors.  Manpower  included  Coast  Cuard  and  Naval  reservists,  on-duty 


(1)  Hanson,  R.  J.,  CDR,  USCG,  "On-Scene  Commander's  Report,  USNS  Towle, 

Oil  Pollution  Incident,  New  York  Harbor,  14-28  July,  1971"  (December  1971). 
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Coast  Guard  personnel,  and  100  city  employees.  Many  of  the  hand  tools 
(rakes,  shovels,  pitchforks)  were  purchased  specifically  for  the  cleanup 
job  from  Coast  Guard  contingency  funds.  The  cleanup  effort  was  completed 
on  July  27  at  a  total  cost  of  $470,000. 

8.  Santa  Barbara  Channel  Spill 

The  Santa  Barbara  Channel  oil  spill  started  on  January  28,  1969, 
when  gas  and  oil  began  leaking  from  a  1,200-foot-long  fissure  on  the  ocean 
floor  in  190  feet  of  water  6  miles  southeast  of  Santa  Barbara.  The  leak 
continued  for  several  months,  and  the  resultant  cleanup  operation  was  one  of 
the  costliest  in  history. 

Severe  rain  storms  in  the  area  prior  to  January  28  caused  large 
amounts  of  debris  to  be  washed  out  of  the  2,000-square-mile  drainage  basin 
surrounding  Santa  Barbara  into  the  channel  and  onto  the  beaches  in  the  area. 
The  free-floating  debris  became  mixed  with  oil  floating  ashore,  and  the  de¬ 
bris  on  shore  also  became  coated  with  crude  oil.  The  primary  oil  cleanup 
effort  consisted  of  spreading  straw  and  other  commercial  sorbents  on  the 
crude  oil  slicks  as  they  approached  the  beaches,  and  then  manually  recover¬ 
ing  the  oil-soaked  sorbents  from  shallow  water  and  off  the  beaches.  Thus, 
the  oil-soaked  straw  and  natural  debris  resulted  in  a  monumental  solid- 
waste-material  recovery  and  disposal  problem.  The  recovery  methods  are 
described  below^^: 

"Beach  cleanup  was  generally  accomplished  by  spreading  absorbent 
straw  before  and  after  arrival  of  the  oil,  pushing  the  mixture  into  piles 
either  by  hand  or  by  machine,  and  loading  the  accumulation  into  dump  trucks 
for  subsequent  inland  disposal.  The  requirement  for  extensive  manual  labor 
made  beach  cleaning  operations  extremely  slow  and  costly.  Motorized  equip¬ 
ment,  such  as  graders,  bulldozers,  loaders,  and  straw  mulchers,  were  employ- 


(1)  Swift,  W.  H. ,  et  al,  "Review  of  Santa  Barbara  Channel  Oil  Pollution 

Incident",  Report  by  Battelle-Northwest  to  Federal  Water  Pollution  Con¬ 
trol  Administration  and  U.  S.  Coast  Guard  (July  18,  1969).  PB-191  712. 
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ed  as  much  as  possible'  when  available.  However,  many  areas  were  inaccessible 
to  motorized  equipment  due  to  lack  of  access  roads  or  impassibility  because 
of  heavy  seasonal  rains. 

"Two  types  of  motorized  equipment  proved  effective  during  beach 
cleaning  operations:  Straw  ..mlchers  or  spreaders  normally  used  to  prevent 
erosion  of  highway  rights-of-way,  and  graders  with  tines  welded  below  the 
bla<  for  raking.  The  need  for  equipment  modification  or  more  maneuverabl 
and  more  efficient  motorized  rakes  to  pile  the  oily  straw  mixture  is 
indicated . " 

The  mechanical  mulchers  were  capable  of  broadcasting  8  to  10  tons 
of  straw  per  hour,  and  vessels  working  parallel  Lo  the  shoreline  a  few  hund¬ 
red  yards  off  the  beach  were  spreading  up  to  140  tons  of  straw  per  day.  In 
late  February,  two  vessels  working  near  Platform  A  spread  up  to  45  tons  of 
straw  per  day,  but  this  method  was  ineffectual  because  no  effective  mechani¬ 
cal  means  for  recovering  the  oil-soaked  straw  from  open  waters  was  available. 

Estimates  of  the  number  of  men  and  the  amount  of  equipment  needed 
for  the  beach  cleanup  varied.  One  source  indicated  that  beach  cleanup  opera¬ 
tions  included  550  personnel,  54  water  craft,  29  pieces  of  heavy  equipment, 

96  trucks,  and  7,000  tons  of  straw^ .  As  of  June  1,  1969,  some  9,826  truck- 
loads  of  debris  had  been  removed  for  disposal. 

In  protected  harbors,  straw  was  often  spread  by  hand  on  rainbow 
slicks,  and  then  recovered  manually  with  rakes  and  pitchforks  along  with 
naturally  occurring  debris  which  had  become  oil-soaked.  The  men  generally 
worked  from  punts,  roughly  10  feet  long  by  4  feet  wide  with  18  inches  of 
freeboard,  and  loaded  debris  into  open  55-gallon  drums.  Skirted  boom  was 
fairly  effective  in  corralling  and  concentrating  oil/debris  in  quiet  waters. 
Along  rocky  shorelines  and  breakwater  rip-rap,  oil-soaked  straw  and  debris 
had  to  be  removed  by  hand  and  loaded  into  containers  before  the  oil  could  In* 
washed  and/or  sandblasted  off  the  rocks.  This  latter  operation  was  extremely 
costly  and  time-consuming. 


(1)  Swift,  op  cit. 
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Two  schemes  for  recovery  of  oil-soaked  straw  and  debris  were  pr< 
posed  but  not  attempted  during  the  cleanup.  In  one  proposal,  5,000  feet  of 
gill  net  were  offered  by  the  Bureau  of  Commercial  Fisheries  to  be  dragged 
through  the  water  to  collect  oil-soaked  material.  The  other  proposed  that 
commercial  kelp  harvesters  b(  used  to  recover  the  oil-soaked  straw.  The 
main  objection  to  the  kelp  harvesters  was  that  their  cutting  and  harvest inr 
mechanisms  created  so  much  turbulence  in  the  water  that  the  oil  remaining  m 
the  water  would  become  emulsified  and  thus  much  more  difficult  to  recover 
than  the  original  slicks. 

The  removal  and  disposal  of  oil-soaked  debris  from  the  beaches 
posed  problems  in  addition  to  those  already  mentioned.  All  the  debris  found 
on  contaminated  beaches  was  necessarily  removed,  whether  or  not  it  was  oil- 
soaked.  Much  of  the  driftwood  had  to  be  cut  up  with  power  and  hand  saws 
before  it  could  be  placed  in  trucks  and  hauled  away  for  inland  disposal. 

The  Union  Oil  Company  estimated  that  some  30,000  tons  of  storm  debris  were 
removed  for  disposal Mechanized  equipment  used  in  debris  handling  in¬ 
cluded  bulldozers,  skiploaders,  cranes,  hayblowers,  dump  trucks,  motorized 
rakes,  graders,  a  sand-sifting  machine,  forklifts,  brush  burners,  chain  saws, 
fertilizer  spreaders,  numerous  utility  vehicles,  and  trucks,  band  equipment 

included  pitchforks,  steel  brooms,  square-point  shovels,  rakes,  axes,  hand 

(2) 

saws,  rope,  and  pickaxes 

Much  of  the  oil-soaked  straw  from  the  beaches  had  to  be  mixed  with 
additional  straw  before  it  would  be  accepted  at  the  inland  dumping  sites  to 
prevent  leaching  of  oil  from  the  disposal  site.  This  meant  that  some  truck- 
loads  of  straw  and  debris  had  to  be  returned  to  the  cleanup  site  from  the 
dump  for  additional  straw  to  be  mixed  in,  a  costly  extra  handling  process. 

Although  most  of  the  oily  debris  was  disposed  of  in  landfills, 
some  attempts  were  made  to  burn  oil-soaked  straw  and  driftwood  on  site. 
Objections  to  the  smoke  and  odor  resulting  from  open  burning  caused  this 
method  of  disposal  to  be  abandoned.  Difficulties  were  encountered  in  ignit¬ 
ing  the  piles  of  wet,  oil-soaked  straw,  kelp,  and  other  debris  until  they 


(1)  Swift,  op  cit. 

(2)  Ibid. 
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were  doused  with  diesel  fuel  and  diesel-powered  fans  were  used  to  provide 
good  draft.  On-site  burning  of  oil-soaked  debris  has  some  advantages  over 
landfill  dumping  (reduced  temporary  storage  and  trucking  requirements),  but 
some  kind  of  forced-air,  high-temperature,  portable  incinerator  would  be 
required  to  reduce  air  pollution  to  acceptable  levels. 

Selection  of  landfill  sites  was  a  major  problem.  Several  sites 
were  employed,  with  three  receiving  the  bulk  of  the  oily  debris.  Two  shal¬ 
low-burial  landfill  sites  received  a  total  of  about  40,000  cubic  yards,  and 
about  20,000  cubic  yards  went  to  a  highway  construction  site.  These  sites 
had  to  be  selected  and  prepared  to  avoid  pollution  ot  nearby  areas  and  water 
supplies  by  leaching  of  oil  from  the  debris.  Disposal  costs  were  estimated 
to  be  about  $200,000^^. 


9.  Bay  Marchand  Spill 

On  the  morning  of  December  1,  1970,  the  nearly  completed  B-21  well 
on  Shell  Oil  Company's  Platform  B  in  the  Bay  Marchand  Block  2  field  in  the 
Gulf  of  Mexico  blew  out  and  ignited.  Several  of  the  22  producing  wells  on 
the  platform  also  began  to  burn  and  to  leak  crude  oil  onto  the  ocean  surface. 
Oil  pollution  containment  procedures  were  put  into  effect  almost  immediately 
to  collect  unconsumed  oil  before  it  could  drift  onto  Louisiana  beaches 
8  miles  to  the  north. 

Several  open-ocean  oil-skimming  rigs  were  placed  downwind  of  Plat¬ 
form  B,  but  there  was  no  significant  problem  with  waterborne  debris  at  the 
offshore  oil-recovery  sites,  and  no  mechanized  debris-handling  equipment 
was  used.  Several  shallow-water  oil-skiraming  rigs  were  also  put  into  opera¬ 
tion  and  picked  up  oil  which  got  past  the  large  rigs  offshore,  but  again 
there  was  no  significant  problem  with  debris. 

Commercial  sorbents,  along  with  some  22,000  bales  of  straw,  were 
stockpiled  to  deploy  on  oil  which  came  ashore  on  the  beaches,  but  they  were 
hardly  used.  It  was  believed  that  the  natural  effects  of  wind,  waves,  and 
currents  would  cleanse  the  narrow,  shallow,  sandy  beaches  more  effectively 


(1)  Swift,  op  cit. 
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than  would  widespread  use  of  straw  and  sorbentQ.  , Cleanup  crews  patrolled 
the  beaches  and  scooped  up  persistent  patches  of  crude  oil  and  shoveled 
them  Into  containers  along  with  oil-fouled  sand  and  debris  such  as  bottles, 
plastic  cups,  cans,  paper,  and  milk  cartons.  This  was,  however,  a  minor 
part  of  the  cleanup. 


10.  Chevron  Platform  Charlie  Spill 

Chevron  Oil  Company's  Platform  Charlie  (MP41C)  is  located  in  the 
offshore  Gulf  of  Mexico  Main  Pass  Field,  roughly  10  miles  east  of  the 
Mississippi  Delta.  On  February  10,  1970,  the  Platform  (which  is  automated) 
caught  fire,  and  eight  of  its  wells  burner-  until  the  fires  were  extinguished 
March  10.  Oil-pollution-response  equipment  was  on  the  scene  less  than  a 
week  after  the  fire  started,  but  unconsuraed  oil  was  not  a  major  problem 
until  several  days  before  the  last  of  the  fires  was  extinguished.  Estimates 
of  the  total  amount  of  oil  spilled  in  this  incident  run  from  35,000  to 
65,000  barrels^. 

The  major  oil-recovery  efforts  were  conducted  offshore,  downwind 
of  the  Platform,  to  intercept  the  oil  slicks  and  windrows  before  they  could 
go  ashore.  The  oil-retrieval  operations  are  well  detailed  in  Reference  1. 

Due  to  the  winds,  the  tides,  the  flushing  effect  of  the  Mississip¬ 
pi 

pi  ,  and  the  effectiveness  of  offshore  protection  and  recovery  efforts, 
very  little  oil  actually  came  ashore.  Oil  was  reported  to  have  hit  beaches 
on  Breton  Island  on  March  16,  but  this  was  quickly  cleaned  up  by  manually 
spreading  and  recovering  straw,  which  was  later  burned.  Apparently,  no 
mechanized  debris-handling  equipment  was  needed. 


(1)  Alpine  Geophysical  Associates,  Inc.,  "Oil  Pollution  Incident,  Platform 
Charlie,  Main  Pass  Block  41  Field,  Louisiana",  for  EPA  (May  1971). 

(2)  Murray,  S.  P.,  et  al,  "Oceanographic  Observations  and  Theoretical  Analy¬ 
sis  of  Oil  Slicks  During  the  Chevron  Spill,  March,  1970",  report  by 
Coastal  Studies  Institute,  Louisiana  State  University  (September  30,  1970). 
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11.  San  Clemente  Spill 


On  August  20,  1971,  a  large,  oil  slick  was  sighted  between  San 
Clemente  Island  and  the  coast  of  Southern  California.  The  Coast  Guard  ini¬ 
tiated  efforts  to  identify  the  source  of  the  spill,  and  it  was  eventually 
established  that  an  estimated  230,000  gallons  of  Navy  distillate  fuel  was 
accidentally  discharged  by  the  USS  Manatee,  a  Navy  oil  tanker.  The  Navy 
assumed  responsibility  for  the  subsequent  cleanup  efforts,  which  are  report¬ 
ed  in  Reference  1. 

At-sea  oil-skimming  operations  during  the  San  Clemente  cleanup 
were  fairly  effective.  Special  skimmers  similar  to  those  used  in  the  San 
Francisco  Bay  tankers  collision  were  towed  alongside  a  Navy  Yard  oiler.  As 
in  other  open-ocean  oil-recovery  operations,  no  significant  solid  debris 
was  encountered.  The  oil  had  already  been  on  the  water  several  days  when 
skimming  began,  however,  and  as  the  oil  weathered,  it  formed  semi-solid 
globs  2  to  4  inches  in  diameter,  with  the  consistency  of  wet  chamois  skin, 
which  clogged  the  hoses  of  the  skimming  equipment.  When  patches  of  these 
globs  were  encountered  by  the  skimmers,  they  accumulated  in  the  skimmer  well 
and  had  to  be  hauled  out  manually  with  pitchforks  covered  with  small-gauge 
wire  mesh  and  then  loaded  into  cardboard  boxes.  The  oil  globs,  it  was  found, 

could  also  be  recovered  by  changing  the  vacuum  hose  connections  from  the 
portable  Mudhog-type  vacuum  pump  on  the  YO  deck  to  the  YO  cargo  system. 
Vacuuming  with  this  system  worked  well  as  long  as  the  globs  were  no  more 
than  2  to  4  inches  in  diameter. 

As  the  oil  weathered  and  formed  larger  globs  (some  up  to  3  feet  in 
diameter),  more  and  more  of  the  globs  had  to  be  recovered  by  hand.  This 
resulted  in  a  significant  handling  and  storage  problem,  as  the  cardboard 
boxes  became  soggy  with  oil  and  began  to  deteriorate.  At  one  point,  skimming 
operations  had  to  be  secured  to  offload  5,000  pounds  of  oil  globs  in  soggy 
cardboard  boxes.  Manual  transfer  of  the  oil  globs  in  cardboard  boxes  from 
the  skimmers  to  the  YO's  deck  became  impossible,  even  with  special  wooden 


(1)  Commandant,  Eleventh  Naval  District,  "After  Action  Report,  August  1971 
San  Clemente  Oil  Spill". 
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pallets,  and  a  time-consuming  light-line  transfer  system  also  proved  inade¬ 
quate.  Once  on  board  the  YO,  temporary  storage  of  the  oil  globs  in  the 
deteriorated  cardboard  boxes  and  the  limited  available  space  caused  further 
di f  f  icult ies. 

To  combat  the  oil-glob  problem,  a  25-ton  bora  in  crane,  equipped 
with  a  specially  fabricated  8  by  6  by  2-foot  perforated  drag  bucket,  was 
loaded  aboard  an  LCU  along  with  two  standard  open-lop  t ruckbed-t ype  trash 
receptacles  lined  with  plastic  sheets.  With  the  drag  bucket  suspended  in 
the  water  over  the  side,  the  LCU  maneuvered  through  the  slicks  so  that  the 
largesL  globs  (now  3  to  6  feet  in  diameter)  entered  the  bucket.  The  bucket 
was  then  hoisted  out  of  the  water  and  the  globs  dumped  into  t  he  containers. 
This  system  proved  quite  effective,  particularly  where  l  lie  I.C1I '  s  maneuver¬ 
ability  allowed  it  to  work  near  rocky  or  sandy  shoreline  areas.  This  method 
is  suited  not  only  to  recovery  of  heavily  weathered,  congealed  oil  globs, 
but  also  it  would  be  of  great  value  in  recovering  concent  rat  ions  of  solid 
debris,  such  as  straw,  seaweed,  or  small  pieces  of  wood. 

Beach  cleanup  of  oil  and  oil-soaked  sand  and  debris  was  essentially 
a  manual  operation,  with  crews  of  up  to  25  laborers  using  rakes,  shovels, 
and  pitchforks  to  gather  the  debris  into  piles  which  were  then  loaded  into 
dump  trucks  by  front-end  loaders.  In  areas  inaccessible  to  heavy  equipment, 
debris  was  simply  loaded  into  cardboard  boxes  and  carried  out  to  stake  trucks 
by  hand.  Bamboo  or  light  spring-metal  rakes  were  sufficient  for  light, 
small-sized  oil  deposits;  pitchforks  were  better  for  seaweed  and  kelp;  grain 
shovels  for  heavy  oil  globs.  It  was  believed  that  cheaper  rakes  could  have 
been  improvised  by  tacking  expanded-metnl  screening  to  heavy  dowel  or  1  by 
2-inch  wood,  and  plastic  bags  and  bushel  baskets  would  have  been  preferable 
to  cardboard  boxes. 

The  City  of  San  Diego  beach  cleanup  crew  has  a  heavy-duty  rake- 
type  bucket  mounted  on  a  front-end  loader  for  kelp/seaweed  removal  which 
would  have  saved  many  man-hours  of  labor.  In  addition,  ordinary  hay  rakes, 
towed  by  jeep,  would  have  been  suitable  for  gathering  oil-soaked  debris  off 
tiie  accessible  beaches. 


12.  S.  S.  Arrow  Spill 


At  9:30  a.ra.  on  February  4,  1970,  the  oil  tanker  Arrow,  carrying 
108,000  barrels  of  Bunker  C  fuel  oil,  struck  Cerberus  Rock  in  Cliedabucto 
Bay,  Nova  Scotia.  During  salvage  operations  on  February  12,  the  ship  broke 
in  two  with  the  bow  on  the  rock  and  the  stern  sunk  in  95  feet  of  water  some 
700  yards  to  the  north.  The  task  force  to  combat  the  resulting  major  oil 
spill  was  formed  on  February  20,  under  the  auspices  of  the  Canadian  Minister 
of  Transport.  By  the  time  the  task  force  was  in  operation,  over  hall  of  the 
375  miles  of  coastline  around  the  Bay  was  fouled  with  oil,  including  some 
30  miles  of  tourist  and  community  beaches.  Large  quantifies  of  oil  floated 
on  the  surface  of  the  1,200-square-mile  Bay  area,  and  oil  was  still  slowly 
leaking  from  the  wreck.  The  oil-pollution  cleanup  efforts,  as  well  as  the 
very  interesting  salvage  operations,  are  documented  in  Reference  1. 

During  attempts  to  contain  and  recover  floating  oil,  the  major 
debris  problems  were  from  oil-contaminated  seaweed  and  from  large  amounts 
of  peat  moss  which  was  used  as  a  sorbent.  With  the  water  temperaLure  near 
freezing,  pumping  of  the  Bunker  C  and  oil/debris  agglomerations  was  practi¬ 
cally  out  of  dir  question.  As  a  result,  oil-  and  oil/debris-recovery  was 
attempted  by  using  an  oleophilic-belt-type  skimmer.  With  the  design  of  the 
particular  unit  used,  oil  and  oily  debris  cling  to  the  belt  and  arc  carried 
up  out  of  the  water  and  dumped  into  containers  (in  this  case,  55-gallon 
open-top  drums) . 

As  indicated  in  Reference  1,  these  oleophilic-belt  skimmers  worked 
well  in  the  cleanup  effort  after  receiving  some  modifications,  such  as  added 
belt  rollers  and  positive  chain  drive.  Four  machines  were  eventually  put 
into  operation — three  on  27-foot  self-propelled  barges,  and  one  on  a  cata¬ 
maran.  The  machines  recovered  the  oil,  oil-soaked  seaweed,  and  peat  moss 
at  rates  up  to  45  gallons  per  minute,  although  in  areas  of  heavy  concentra¬ 
tion,  manual  assistance  was  required  to  direct  heavy  patches  of  oily  debris 
onto  the  belts.  The  full  barrels  were  off-loaded  from  the  skimmer  barges 


(1)  Ministry  of  Transport,  Canada,  "Report  of  the  Task  Force  -  Operation  Oil 
(Cleanup  of  the  Arrow  Oil  Spill  in  Chedabucto  Bay)",  Volumes  I,  II,  and 
III  (1970). 
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by  crane  onto  an  LCM  equipped  with  cargo-handling  gear.  This  was  often  the 
slowest  part  of  the  oil/debris-recovery  process.  The  oleophilic-belt  skim¬ 
mers  worked  best  in  natural  catch  basins  of  oily  debris,  such  as  Inhabitants 
Bay,  where  2,000  to  3,000  gallons  pet  day  of  oily  debris  were  recovered. 

The  development  and  employment  of  the  skimmers  during  the  Chedabucto  Bay 
cleanup  operation  are  detailed  in  Volume  III  of  Reference  1. 

One  interesting  innovation,  used  in  inlets  and  channels  around  the 
Bay,  was  a  porous  pine-bough  boom  consisting  of  chain-link  fence  strapped 
between  pairs  of  watertight  45-gallon  drums  and  to  a  stout  steel  cable. 
Conifer  boughs  were  interwoven  in  the  chain-link  fence  to  absorb  the  oil. 
These  booms  worked  successfully  in  up  to  6  knots  of  current  and  withstood 
several  storms.  Observers  state  that  these  booms  retained  oil,  oil-soaked 

debris,  and  sorbents  under  severe  conditions  without  parting,  and  would  be 

n) 

well  suited  for  corralling  heavy  concentrations  of  debris 

Beach  cleanup  was  restricted  to  the  30  or  so  miles  of  recreational 
beaches  and  consisted  of  a  variety  of  methods.  On  sandy  beaches,  where 
patches  of  oil,  oily  debris,  and  peat  moss  came  ashore,  crews  of  workmen 
raked  and  shoveled  oil-soaked  sand  and  debris  into  barrels  or  directly  onto 
trucks  for  transport  to  approved  dumping  sites.  In  some  areas  where  the 
potential  effects  of  beach  erosion  were  thought  to  be  minimal,  heavy  equip¬ 
ment,  such  as  bulldozers  and  front-end  loaders,  was  used  to  remove  thousands 
of  tons  of  contaminated  beach  material. 


(1)  Ministry  of  Transport,  Canada,  op  cit.  Volume  III. 

(2)  Suplement  to  Proceedings  1971  Conference  on  Prevention  and  Control  of 
Oil  Spills.  "Question  and  Answer  Discussion,  3:40  p.m.,  June  17,  1971", 
sponsored  by  API,  EPA,  and  USCG  (1971),  p.  39. 
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APPENDIX  H 


SNAG  AND  DRIFT -RECOVERY  OPERATIONS 

Appendix  H  describes  snag  and  drift  recovery  operations  which  are 
currently  being  performed  in  the  United  States. 
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APPENDIX  H 


A.  SNAG  AND  DRIFT -RECOVERY  OPERATIONS 


1.  Snag  Operations 

Snag  removal  operations  are  run  primarily  by  the  Army  Corps  of 
Engineers  to  rid  rivers,  streams,  and  other  Inland  waterways  of  submerged 
hazards  to  navigation.  Techniques  and  equipment  for  locating  and  removing 
snags  vary  from  one  region  to  another  depending  on  the  type  and  size  of  the 
obstacle. 

a.  Norfolk.  Virginia 

The  Corps  of  Engineers  runs  a  regular  snagging  operation  in  the 
Norfolk-Hampton  Roads  area  which  consists  of  locating  and  removing  obvious 
snags  such  as  trees,  logs,  and  telephone  poles  from  local  navigable  water¬ 
ways.  The  snagging  operation  is  performed  primarily  by  the  derrick  boat, 
Elizabeth,  a  104  by  31-foot  diesel-powered,  shallow-draft  vessel  equipped 
with  a  50-foot  crane.  The  crane  has  a  lifting  capacity  of  67,500  pounds  at 
20  feet  and  can  be  equipped  with  clamshell  bucket,  log  grapple  or  lifting  hook. 

b.  Savannah,  Georgia 

A  snagging  operation  was  conducted  several  years  ago  in  the 
Savannah  River  which  consisted  of  dragging  a  submerged  cargo  net  through  the 
bottom  mud  to  recover  snags  which  had  been  struck  by  ships.  The  snags  were 
primarily  sunken  logs  and  tree  trunks  that  could  not  be  located  from  surface 
disturbances  on  the  water. 

During  normal  snagging  operations,  debris  is  placed  along  the  bank 
in  such  a  way  as  to  minimize  the  probability  of  re-entry  during  high  water. 
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Seattle,  Washington 


The  Corps  of  Engineers  operates  regular  sweep.,  or  coastal  harbor 
areas  in  the  Northwest  and  in  the  Lower  Columbia  River,  which  involve  drag¬ 
ging  a  submerged  cable  along  the  bottom  between  two  boats  to  snag  deadheads 
(submerged  logs  that  float  in  a  vertical  position).  The  heavier  deadheads 
are  hoisted  aboard  a  barge  with  a  cable-equipped  crane.  Smaller  items  are 
hoisted  with  clamshell  bucket:.. 

2.  Removal  Programs  in  Navigable  Bays,  Ha v 1  ora . 

Ports,  Rivers,  and  Estuaries 

Debris-collection,  -removal,  and  -disposal  programs  are  regularly 
operated  in  many  parts  of  the  country  by  such  agencies  as.  the  Army  Corps  of 
Engineers,  the  Coast  Guard,  municipal  governments,  various  port  authorities, 
and  marine  police.  The  magnitudes  of  the  programs  and  the  types  and  amounts 
of  equipment  involved  vary  widely  depending  on  the  types  and  quantities  oi 
debris  encountered,  and  on  various  social,  political,  w,d  economic  1  actors. 

a.  Northeast 


(1)  Portland,  Maine.  There  is  no  regular  program  of  waterborne 
debris  recovery  in  the  Portland  area.  Items  of  floating  debris  which  i  .in¬ 
stitute  a  hazard  to  navigation  are  picked  up  manually  t>y  crews  of  Coast 
Guard  boats  on  routine  patrol  from  the  South  Portland  base.  Items  too  large 
to  be  manhandled  arc  usually  taken  in  tow  to  the  Coast  Guard  base  where  they 
are  hauled  out  of  the  water  by  crane. 

A  debris-cleanup  program  sponsored  by  'he  Portland  harbor  Pollution 
Abatement  Committee  and  staffed  by  the  Neighborhood  Youth  Corps  for  several 
years,  consisted  of  manually  retrieving  debris  from  the  harbor  und  deposit¬ 
ing  it  at  a  burn  site  at  Fort  Gorges.  Large,  heavy  pieces  had  to  be  towed 
to  the  Coast  Guard  base  for  outhauling  and  disposal.  The  project  was  run 
onlv  during  the  summer  months  and  has  not  been  in  operation  since  1969. 
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(2)  Boston,  Massachusetts.  In  Boston  Harbor,  the  Corps  of  Engi¬ 
neers  contracts  with  a  local  firm  for  harbor  debris-clearance  services. 

This  firm  operates  a  boat  called  the  Driftmaster  which  is  equipped  with  a 
front-end-loading  debris  basket.  This  basket,  which  is  made  of  expanded 
metal  with  2- inch  openings,  is  10  feet  wide  and  has  a  capacity  of  about  2 
cubic  yards  (Figure  H-l).  The  boat  is  equipped  with  a  2-ton  hydraulic  crane, 
and  larger  items  can  be  towed  to  shore  where  a  100-ton  land-based  crane  ts 
available.  Two  80- ton  barge-mounted  cranes  are  also  available. 

The  Driftmaster  operates  5  days  a  week  fro*  May  to  October  and, 
generally,  2  or  3  days  a  week  during  the  late  fall  and  winter.  In  addition, 
the  Driftmaster  is  on  call  24  hours  a  day  to  pick  up  specific  items  of 
hazardous  drift.  Roughly  1,000  tons  of  debris  is  recovered  each  year. 

Daily  log  sheets  indicate  that  the  Driftmaster  recovers  from  4  to  6  cubic 
y.irds  of  debris  each  working  day,  including  such  items  as  logs,  tires,  tim¬ 
bers,  boards,  camels,  scaffolding,  fish  boxes,  fender  logs,  railroad  ties, 
and  sections  of  damaged  piers  and  small  boats.  Logs  are  the  most  common 
large  items,  followed  by  tires. 

According  to  reference  1,  "...the  modest  program  for  Boston  Harbor 
dots  not  provide  a  satisfactory  solution  to  the  total  debris  problem,  but  it 
does  serve  to  reduce  the  hazard  to  small  boats." 

(3)  New  York  Harbor.  The  Army  Corps  of  Engineers  in  New  York  City 
operates  one  of  the  most  extensive  waterborne  debris-removal  projects  in  the 
country.  Since  the  project  was  instated  in  1915,  close  to  25  million  cubic 
feet  of  drift  and  debris  have  been  removed  from  the  Harbor  at  a  cost  i  t  well 
over  10  million  dollars.  From  1962,  the  average  annual  cost  of  the  projtri 
was  aboqt  $522,000  to  collect  and  dispose  of  approximately  500,000  cubic 
feet  of  drift  and  debris  per  year. 

The  floating  plant  employed  for  drift  removal  includes  a  specially 
designed  craft  also  called  Driftmaster;  the  lighter,  Gorham;  the  motor  ten¬ 
der,  Stanwix;  the  tug,  Daly;  and  several  barges.  Other  elements  in  thi 
physical  plant  include  piers  and  adjacent  shore  area  at  Caven  Point  (near 


(i)  Department  of  the  Army,  Corps  of  Engineers,  New  England  Division. 
"Boston  Harbor  Debris  Study"  (July  1°73). 
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FIGURE  H-l .  BOSTON  HARBOR  DEBRIS  CLEANUP  BOAT,  DRIFTMASTER^ 

(1)  Army  Corps  of  Engineers,  New  England  Division,  Photograph,  File  No.  177  Boston  Harbor  (1968) 
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Jersey  City)  and  a  newly  installed  forced-air  incinerator,  also  at  Caven 
Point.  In  years  past,  drift  and  debris  collected  by  the  Corps  was  placed 
on  incinerator  barges  and  disposed  of  by  open-air  burning.  To  comply  with 
Federal  and  city  air-pollution  standards,  however,  open-air  burning  has  been 
curtailed,  and  most  collected  drift  is  burned  in  the  specially-designed 
incinerator  at  Caven  Point. 

The  New  York  Driftmaster  is  the  first  self-propelled  vessel  design¬ 
ed  solely  for  collection  of  waterborne  drift  and  debris  (Figures  H-2  and  H-3) . 
The  Driftmaster  was  designed,  and  developed  by  the  New  York  District  Corps  of 
Engineers.  It  has  a  catamaran-type  hull  of  welded  steel  100  feet  long  and 
36  feet  wide,  with  a  molded  depth  of  10  feet.  Normal  draft  is  6  feet  6  inches. 
There  are  no  structural  members  between  the  two  hulls  below  the  waterline, 
thus  providing  minimum  resistance  to  propulsion.  In  operation,  the  craft 
moves  forward  at  6  to  8  knots,  and  floating  debris  is  caught  in  a  chain- 
mesh  net  slung  between  the  hulls.  When  7  to  8  tons  of  debris  are  trapped 
in  the  net,  ii  is  raised  above  the  water  by  a  strongback  and  on-board  cable 
hoist,  and  a  second  net  is  lowered.  After  the  second  net  becomes  full,  it 
too  is  hoisted  free  of  the  water;  and  the  Driftmaster  proceeds  to  Caven 
Point  where  the  nets  are  off-loaded  by  the  on-board  A-frame  crane.  The 
contents  of  the  two  nets  together,  amounting  to  1,280  cubic  feet,  may  in¬ 
clude  some  salvageable  or  nonburnable  items.  These  are  sorted  out  before 
the  remainder  (almost  entirely  wood)  is  transferred  to  the  incinerator. 
Salvageable  or  nonburnable  items  are  sold  to  commercial  firms  for  salvage 
or  scrap  or  for  landfill  projects.  Temporary  storage  space  for  these  items 
is  at  a  premium  (Figures  H-4  and  H-5). 

For  drift  collection,  the  lighter,  Gorham,  tows  a  catamaran-type 
collector  barge  alongside  (Figures  H-6  and  H-7).  A  chain-mesh  net  suspended 
between  the  hulls  of  the  catamaran  barge  collects  debris  as  the  barge  is 
towed  forward.  Men  stationed  on  the  barge  with  16-foot  pike-poles  direct 
the  flow  of  debris  into  the  net.  When  the  net  is  full,  the  Gorham's  12-ton 
A-frarae  derrick  raises  it  out  of  the  water  and  places  it  on  deck.  A  second 
net  is  put  into  position  on  the  barge,  and  drift  collection  continues.  When 
both  nets  are  full  and  hoisted  on  deck,  the  Gorham  proceeds  to  Caven  Point 
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FIGURE  H-2.  DEBRIS  NETS  ON  NEW  YORK  DRIFTMASTER 


FIGURE  H-3.  DEBRIS  NETS  ON  NEW  YORK  DRIFTMASTER 


1101-73/H-4 

FIGURE  H-4.  TEMPORARY  STORAGE  OF  DEBRIS  AT  CAVEN  POINT, 
NEW  JERSEY 


1101-73/H-5 

FIGURE  H-5.  TEMPORARY  STORAGE  OF  DEBRIS  ABOARD  BARGE  AT 
CAVEN  POINT,  NEW  JERSEY 
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FIGURE  H-6.  CATAMARAN  DEBRIS  BARGE,  NEW  YORK 
CORPS  OF  ENGINEERS 


1101-73/H-7 

FIGURE  H-7.  CATAMARAN  BARGE  WITH  FULL  DEBRIS  NET 


for  off-loading.  Drift  collection  is  a  major  function  of  the  Gorham,  con¬ 
stituting  60  to  70  percent  of  her  duties. 

The  motor  tender,  Stanwix,  and  the  diesel  tug,  Daly,  can  be  used 
to  tow  alongside  either  a  catamaran-type  barge  equipped  with  one  debris  net 
or  a  drift-collector  barge.  Both  vessels  can  collect  drift  in  shallow 
water  where  the  Driftmaster  and  the  Gorham  cannot  navigate.  The  Stanwix  and 
the  Daly  are  well  equipped  to  respond  to  emergency  requests  from  various 
local  authorities  and  individuals  who  may  on  occasion  report  hazardous  float¬ 
ing  material  that  has  found  its  way  into  boat  slips,  between  piers,  near 
beaches,  and  other  confined  areas.  Small  pieces  of  debris  that  can  be 
handled  manually  are  removed  from  the  water  and  placed  on  the  deck  of  the 
barge  towed  by  the  tug,  Daly.  When  the  barge  is  fully  loaded,  it  is  towed 
to  Caven  Point  where  the  debris  is  off-loaded  for  eventual  disposal. 

The  incinerator  at  Caven  Point  was  especially  designed  for  the 
Corps  of  Engineers  for  burning  water-soaked  debris.  The  burnable  debris 
consists  primarily  of  wooden  items,  but  such  materials  as  rubber  tires, 
paint,  plastics,  and  paper  are  also  easily  consumed.  The  incinerator,  which 
can  handle  up  to  50  tons  of  debris  per  day,  is  a  topless  bin  measuring  25  by 
20  by  17  feet.  One  of  its  refractory  walls  can  be  lifted  for  filling. 

There  are  no  grates  and  none  of  the  conventional  air-pollution-control 
devices.  Loads  of  debris  from  the  collection  vessels  are  placed  in  a  special 
dumping  pan  at  dockside  and,  with  the  moveable  incinerator  wall  raised  out 
of  the  way,  they  are  dumped  into  the  fire  bin. 

Ignition  of  the  water-soaked  debris  was  a  problem  with  open-air 
burning,  but  the  incinerator  has  three  portable  propane-gas  igniters  which 
are  aimed  at  the  debris  through  multiple  ports  in  the  walls  of  the  fire  bin. 
Often,  the  debris  is  sprayed  with  a  jellied  petrohydrocarbon  fuel  booster 
before  the  igniters  are  touched  off. 

Twelve  variable-speed  fans  force  air  into  the  pit  from  three  rows 
of  inlets  on  each  of  the  three  fixed  walls.  Above  the  air  inlets,  near  the 
top  of  one  wall,  19  spray  nozzles  discharge  a  fine  horizontal  curtain  of 
water  to  keep  flyash  and  other  particulate  matter  from  escaping.  The  323- 
gallon-per-minute  spray  of  water  hits  the  opposite  wall,  where  it  is  collect¬ 
ed  in  runoff  galleys  for  recirculation. 
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The  Corps  of  Engineers'  drift-removal  program  covers  some  1,500 
square  miles  of  protected  waterways,  including  some  1,600  miles  of  water¬ 
front.  It  is  estimated  that  there  are  over  2,000  derelict  vessels  and  330 
derelict  or  abandoned  shore  structures  in  this  area,  which  constitute  the 
major  sources  of  waterborne  debris  in  New  York  Harbor. 

Pertinent  data  on  the  vessels  and  physical  plant  operated  by  the 
Corps  of  Engineers  for  drift  and  debris  removal  and  disposal  are  presented 
in  Table  H-l(1) 2 3. 

(4)  Ports  of  Philadelphia.  Unlike  New  York  Harbor,  there  is  no 

Federally  funded,  regular  project  for  the  removal  of  drift  and  debris  from 

the  Delaware  River,  which  flows  through  the  Ports  of  Philadelphia,  Camden 

(New  Jersey),  Chester  (Pennsylvania),  and  Wilmington  (Delaware).  The  Army 

Corps  of  Engineers  removes  piles  of  debris  from  the  shore  when  notified  of 

an  accumulation,  providing  its  crane  barge  and  tug  are  available  at  the 

time.  In  addition,  the  Corps  prosecutes  private  owners  of  dilapidated  piers 

(2) 

and  persons  found  dumping  debris 

In  response  to  the  serious  debris  problem  in  the  Ports  of  Phila¬ 
delphia,  the  Commonwealth  of  Pennsylvania  operates  a  debris-collection  ves¬ 
sel,  the  Sheriff,  which  was  converted  from  a  former  pusher  tug  by  the  Camden 
Ship  Repair  Yard  at  a  cost  of  $50,000.  It  is  46  feet  long  and  14  feet  wide 
and  is  equipped  with  a  starboard  bow-mounted  hydraulic  front-end  loader  with 
a  steel-framed  wire-mesh  basket.  The  loader  can  rotate  180  degrees  to  lift 
debris  out  of  the  water  and  place  it  on  the  forward  deck.  There  are  no 
debris  containers  on  board,  and  temporary  storage  of  debris  is  limited  to 

(3) 

the  amount  (about  6  to  8  tons)  that  can  be  placed  on  deck 

(1)  Department  of  the  Army,  Corps  of  Engineers,  New  York  District,  "New  York 
Harbor  Collection  and  Removal  of  Drift",  Survey  Report  on  Review  of 
Project  (June  1968,  revised  March  1969  and  April  1971)  . 

(2)  Delaware  River  Port  Authority,  "Keep  the  Delaware  Shipshape",  Bridge 
Plaza,  Camden,  New  Jersey  08101. 

(3)  Meeting  with  Mr.  James  R.  Kelly  and  Mr.  William  Bennington,  of  the  Dela¬ 
ware  River  Port  Authority,  Camden,  New  Jersey;  CDR  Lee  Tilton,  of  the 
Pennsylvania  Marine  Police,  Philadelphia,  Pennsylvania;  and  CDR  Mullen 
and  LTJG  Steve  Connelly,  MEP,  Captain  of  the  Port,  U.  S.  Coast  Guard, 
Philadelphia,  Pennsylvania. 
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TABvE  H-l.  DATA  ON  VESSELS  OPERATED  BY  DEPARTMENT  OF  ARMY,  NEW  YORK  DISTRICT 
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(1)  Army  Corps  of  Engineers,  New  York  District,  op  cit,  p.  11. 

(a)  Acquired  in  1947. 

(b)  Converted  to  incinerator  barges  in  1962. 


The  Sheriff  is  of  double-hulled,  welded  steel  construction  and 
can  operate  in  as  little  as  3  or  A  feet  of  water.  It  can  be  safely  beached 
for  loading  or  off-loading  of  debris  along  the  shoreline.  Propulsion  is  by 
twin  150-horsepower  diesel  engines,  and  a  crew  of  three  is  normally  required. 
The  Sheriff  often  works  in  conjunction  with  separate  Corps  of  Engineers 
barges  for  additional  temporary  storage  of  debris,  and  it  collects  an  aver¬ 
age  of  8  to  10  tons  of  debris  per  day.  The  vessel  is  operated  by  the  Navi¬ 
gation  Commission  of  the  Pennsylvania  Marine  Police,  and  yearly  operating 
costs  run  approximately  $25,000. 

Miscellaneous  items  of  hazardous  debris  are  often  picked  up  or 
towed  to  shore  by  Coast  Guard  boats  on  routine  patrol.  Coast  Guard  craft 
on  search  and  rescue  or  other  emergency  missions  report  the  position  of  such 
debris  so  it  can  be  picked  up  by  another  boat.  The  debris  is  reloaded  at 
the  Corps  of  Engineers  facility  at  Fort  Miflin.  Here,  it  is  stored  ashore 
or  on  barges  for  up  to  A  months  before  it  can  be  disposed  of  by  incineration 
or  landfill. 

(5)  Baltimore.  Both  the  Corps  of  Engineers  and  the  Maryland 
Port  Authority  operate  debris-recovery  programs  in  the  Baltimore  Harbor  area. 
The  Corps  of  Engineers  operates  a  converted  65-foot  Army  transport  boat  in 
vegular  full-time  debris-collection  service.  The  Corps  of  Engineers'  pro¬ 
ject  began  in  1948  and  cost  $888,549  through  1970.  The  boat  is  equipped 
with  a  steel-framed  wire-mesh  basket  which  is  approximately  10  feet  wide, 

5  feet  deep,  and  2  feet  high.  This  basket  is  hung  over  the  bow  by  means  of 
cables  attached  to  an  A-frame  crane  of  approximately  5-ton  capacity.  As  the 
boat  moves  forward,  items  of  debris  are  caught  in  the  basket.  Once  full, 
the  basket  is  dumped  on  a  barge  or  dock.  The  65-foot  boat  has  no  provision 
for  on-board  storage  but  tows  a  barge  alongside  when  large  amounts  of  debris 
are  encountered.  The  basket  is  raised,  lowered,  and  dumped  by  means  of  a 
gasoline-powered  winch  (Figures  H-8  and  H-9).  The  boat  carries  a  crew  of 
four,  including  the  skipper.  A  private  contractor  disposes  of  the  debris  in 
approved  landfill  sites  or  sells  it  for  firewood^. 


(1)  Telephone  conversation  and  meeting  with  Mr.  Epstein,  Corps  of  Engineers, 
Baltimore  District  (December  1973). 
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1101-73/H-8 

FIGURE  H-8.  DEBRIS  BASKET  ON  BALTIMORE  HARBOR 
CORPS  OF  ENGINEERS  RECOVERY  BOAT 


1101-73/H-9 

FIGURE  H-9.  HOISTING  DEBRIS  BASKET,  BALTIMORE  HARBOR 


*•  I 
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mm  ^ 

The  debris  boat  operated  by  the  Maryland  Port  Authority  in  Balti¬ 
more  Harbor  is  called  the  Port  Retriever.  It  is  a  7.5-ton  craft,  about  30 
feet  long,  equipped  with  a  hydraulically  actuated  front-end-loading  wire- 
mesh  basket  which  scoops  up  debris  as  the  boat  moves  forward.  When  the  bas¬ 
ket  is  full,  it  is  lifted  clear  of  the  water  and  dumped  onto  a  waiting  debris 
scow.  A  second  boat,  the  Port  Labor,  a  35-foot,  10-ton  push-tug  workboat, 
is  used  primarily  for  positioning  the  debris  scows  near  the  cleanup  site, 
but  it  can  also  be  used  for  carrying  and  deploying  oil-pollution  cleanup 
equipment  such  as  barriers  and  skimmers.  A  third  Maryland  Port  Authority 
vessel  is  the  Port  Service,  a  38.5-foot  modified  barge  which  is  used  exclu¬ 
sively  for  the  recovery  of  persistent  oil  slicks.  In  the  past  5  years,  an 

average  of  nearly  1,000,000  pounds  of  debris  per  year  has  been  recovered 

(1  2) 

from  the  waters  of  Baltimore  Harbor  * 

(6)  Washington,  D.  C.  The  Army  Corps  of  Engineers  operates  a 
drift-removal  program  in  the  Potomac  and  Anacostia  Rivers  near  Washington, 

D.  C.  The  program  was  adopted  in  1965,  covers  a  length  of  27  miles,  and 
has  cost  (through  1970)  $587,172.  Equipment  includes  two  specially  built 
30-foot  workboats,  each  with  a  front-end-loading  steel-framed  expanded-metal 
basket  which  is  hydraulically  actuated  for  scooping  up  debris.  The  debris 
boats  have  no  provision  for  on-board  storage  of  collected  debris.  In  the 
event  of  heavy  debris  concentrations,  they  are  usually  accompanied  by  one 
or  more  flat  barges  onto  which  the  debris-laden  baskets  are  dumped,  ihe 
boats  were  constructed  in  1967  at  a  cost  of  $47,100  each.  They  are  single¬ 
screw  diesel-powered.  The  debris  basket  is  8  feet  wide,  "L"-shaped  in  cross- 
section,  with  3-1/2-foot  "legs",  and  is  mounted  on  a  hydraulic  front-end 
loader  capable  of  lifting  and  dumping  about  2,000  pounds.  The  debris  boats 
are  headquartered  at  the  Corps  of  Engineers'  facility  at  Eleventh  and  "0" 
Streets,  S.E.,  Washington,  D.  C.  Each  requires  a  skipper  and  one  deckhand. 


(1)  Telephone  conversation  and  meeting  with  Mr.  Epstein,  op  cit. 

(2)  Port  of  Baltimore  Bulletin  (April  1972). 
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In  addition  to  these  two  boats,  the  Corps  employs  a  large  barge- 
mounted  hoisting  crane  with  a  3/4-cubic-yard-capacity  clamshell  bucket  which 
is  used  to  off-load  debris  from  the  smaller  debris  scows  that  accompany  the 
debris  boats.  Debris  is  generally  loaded  into  trucks  for  further  transport 
by  private  contractor  to  a  landfill  or  other  disposal  site.  The  Corps  of 
Engineers  Project  also  includes  maintenance  of  debris  fences  to  keep  debris 
from  flowing  into  the  tidal  pool  at  the  Jefferson  Memorial  (Figures  H-10 
and  H-ll)(1,  2‘ 1 2  3) . 


(7)  Chesapeake  Bay.  Along  the  tributaries  of  the  Chesapeake  Bay 
within  the  State  of  Maryland,  the  State  Department  of  Natural  Resources, 
Waterways  Improvement  Division,  has  begun  a  program  of  debris  removal  which 
primarily  involves  the  recovery  and  disposal  of  sunken  and  beached  derelict 
vessels  which  litter  the  shoreline.  An  aerial  survey  of  the  State's  water¬ 
ways,  included  in  the  project,  revealed  an  estimated  1,000  to  1,200  derelict 
vessels  in  the  State,  mostly  along  the  shores  of  streams  and  creeks  which 
lead  to  Chesapeake  Bay. 

In  1973,  the  State  appropriated  $268,000  for  the  project.  Most  of 
the  derelict  vessels  are  small  (35-  to  40-foot)  wooden  workboats  formerly 
used  by  fishermen,  crabbers,  and  clammers;  they  cost  $300  to  $500  each  to 
recover  and  dispose  of.  Recovery  and  disposal  of  large  barges  costs  $10,000 
to  $20,000.  Equipment  for  the  operation  includes  a  50-foot  diesel-powered 
steel  tug;  a  24  by  40-foot  barge  equipped  with  a  hoisting  crane  and  3/4-cubic- 
yard  clamshell  bucket;  and  a  24  by  60-foot  barge  for  hauling  working  mate¬ 
rials  and  debris. 

This  is  one  of  the  few  current  projects  which  seek  to  remove 
sources  of  debris  before  they  become  free-floating.  The  main  purpose  of  the 


(1)  Telephone  conversation  and  meeting  with  Mr.  Epstein,  op  cit. 

(2)  Department  of  the  Army,  Corps  of  Engineers,  Baltimore  District,  "Invita¬ 
tion,  Bid,  and  Award  (Supply  Contract)  for  Self-Propelled  Drift  Collec¬ 
tor"  (February  3,  1967). 

(3)  Battelle,  Columbus  Laboratories,  Long  Beach  Ocean-Engineering  Facility, 
Letter  report  to  Mr.  George  H.  Seufert,  Director  of  Port  Maintenance, 
Long  Beach  Harb  r  Department  (February  5,  1971). 
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FIGURE  H-10.  CORPS  OF  ENGINEERS  DEBRIS  BOAT 
POTOMAC  RIVER 


(1)  Department  of  the  Army,  Corps  of  Engineers,  Baltimore  District, 
Photograph  No.  6804151  (January  20,  1971). 
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project  has  been  to  improve  the  appearance  of  the  State's  waterways;  and  in 
areas  where  derelict  vessels  have  been  removed,  especially  in  residential 
and  recreational  areas,  the  local  residents  have  made  an  effort  to  keep  the 
waterways  free  of  other  debris  and  potential  debris  sources 

b.  Southeastern  Region 

(1)  Norfolk-Hampton  Roads.  The  Army  Corps  of  Engineers  in  Norfolk 
operates  four  boats  in  regular  debris-pickup  service.  The  principal  speci¬ 
fications  of  the  boats  are  given  in  Tables  H-2,  H-3,  H-4,  and  H-5.  The 
general  procedure  is  for  the  patrol  boats  to  pick  up  items  of  debris  which 
they  can  cither  handle  with  their  on-board  winches  or  tow  to  a  shore-based 
crane  or  to  the  derrick  boat,  Elizabeth,  which  is  equipped  with  a  30-ton 
crane.  Smaller  items  are  generally  lifted  aboard  manually  with  boat  hooks, 
pike  poles,  or  ice  tongs.  Corralling  the  debris  with  log  booms  or  debris 
fences  has  not  been  attempted. 

The  present  techniques  and  equipment  have  proved  fairly  satisfac¬ 
tory  in  keeping  the  Norfolk-Hampton  Roads  area  free  of  debris  that  poses  a 
hazard  to  navigation.  The  general  feeling  among  Corps  of  Engineers  person¬ 
nel  is  that  the  area  is  more  free  of  hazardous  debris  now  than  in  the  past 
20  years.  The  debris  collected  by  the  Corps  is  carried  or  towed  to  the 
Craney  Island  disposal  area,  where  heavy  lifting  equipment  dumps  it  directly 
behind  the  levee  for  open-air  burning.  In  the  past  several  years,  an  average 

of  60,000  to  65,000  cubic  feet  of  drift  and  debris  has  been  collected  and 

(2  3) 

disposed  of  at  an  annual  cost  of  roughly  $60,000  ’ 


(1)  Telephone  conversations  with  Mr.  Warren  Shelly  of  the  Waterways  Improve¬ 
ment  Division,  Maryland  State  Department  of  Natural  Resources  (November 
and  December  1973). 

(2)  Telephone  conversation  and  meeting  with  Mr.  Charles  Brickner  of  the  Army 
Corps  of  Engineers,  Norfolk  District  (October  and  November  1973). 

(3)  Department  of  the  Army,  Corps  of  Engineers,  Norfolk  District,  "Collection 
and  Removal  of  Drift  in  Norfolk  District,  Virginia"  (January  1969). 
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Small  davit  with  electric  winch  to  handle  debris,  2,000  lbs.  capacity. 
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(1)  Courtesy  of  Department  of  the  Army,  Corps  of  Engineers,  Norfolk  District. 
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Acquired:  By  transfer  from  Philadelphia  Naval  Shipyard  on  17  August  I960  without  reimbursement. 
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(2)  Savannah,  Georgia.  There  is  currently  no  active  program  for 
drift  and  debris  removal  in  Savannah.  Patrol  boats  operated  by  the  Corps  of 
Engineers  and  the  Coast  Guard  routinely  pick  up  or  tow  ashore  items  of  debris 
which  pose  a  hazard  to  navigation;  but  there  is  no  specialized  debris-handl¬ 
ing  equipment  other  than  that  used  in  the  Corps  snagging  operation  already 
described^’ 

c.  West  Coast 


(1)  Lons  Beach  Harbor.  The  Port  of  Long  Beach  operates  a  regular 
debris  pickup  and  disposal  program  in  the  protected  water  of  Long  Beach  Har¬ 
bor.  A  specially  designed  boat,  the  Big  Dipper,  was  recently  constructed  at 
a  cost  of  $110,000  specifically  for  the  task  of  retrieving  waterborne  debris 
from  the  Port.  The  vessel  is  a  36-foot  self-propelled  barge  with  a  hydraulic 
front-end-loading  basket.  The  basket  scoops  up  debris  as  the  boat  moves  for¬ 
ward  and,  when  full,  is  raised  out  of  the  water  and  dumped  onto  the  two  large 
steel  containers  on  deck.  The  basket  is  constructed  of  steel  reinforcing 
rod  with  cyclone  fence  to  trap  small  pieces  of  debris  (Figures  H-12  and  H-13) . 
It  measures  approximately  8  feet  wide  by  4  feet  deep  by  3  feet  high.  The 
steel  debris  containers  measure  approximately  5  by  9  by  6  feet,  and  contain 
approximately  10  cubic  yards  of  debris.  It  generally  takes  the  two-man  crew 
of  the  Big  Dipper  4  to  5  days  to  fill  both  containers;  then  they  are  off¬ 
loaded  by  a  shore-mounted  crane.  The  contents  are  dumped  through  a  hinged 
panel  on  one  end  (Figure  H-14). 

The  Big  Dipper  is  equipped  with  a  hydraulic  telescoping  crane 
mounted  on  the  starboard  side  aft  of  the  raised  pilot  house.  It  has  a  capa¬ 
city  of  1,100  pounds  at  a  14-fcrot  extension,  or  3,300  pounds  at  a  4-foot 
extension.  The  boom  crane  is  used  to  hoist  aboard  items  of  debris  which  are 
too  long  or  bulky  for  the  debris  basket.  The  boat  also  carries  a  high- 
pressure  water  pump  which  is  used  with  fire  hoses  to  flush  debris  from  under 


(1)  Telephone  conversation  with  Mr.  Bob  Lane,  Georgia  Ports  Authority, 
Savannah,  Georgia  (November  14,  1973). 

(?)  Telephone  conversation  with  Mr.  Oswald  of  the  Army  Corps  of  Engineers, 
Savannah,  Georgia  (October  23,  1973). 
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FIGURE  H-13.  DEBRIS  CONTAINER  READY  FOR  OFF¬ 
LOADING  FROM  BIG  DIPPER 
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piers  and  wharves.  In  addition,  pike  poles,  boat  hooks,  and  nets  are  kept 
on  board  for  manhandling  debris  which  cannot  be  picked  up  in  the  basket.  A 
portable  chain  saw  is  used  for  cutting  up  very  large  pieces  of  debris,  such 
as  pilings,  long  logs,  and  timbers. 

Propulsion  is  provided  by  a  Harbormaster  diesel  unit  with  360  de¬ 
grees  rotation  of  the  lower  unit,  giving  the  Big  Dipper  excellent  maneuver¬ 
ability  even  in  confined  areas.  A  separate  power  plant  provides  hydraulic 
power  for  the  debris  basket  and  boom  crane.  The  vessel  has  been  in  operation 
since  May  1972;  it  has  a  top  speed  of  about  10  knots  and  can  operate  in  wave 

heights  of  1-1/2  to  2  feet.  Although  the  Big  Dipper  has  some  limitations, 

(1  2) 

its  operators  are  generally  very  satisfied  with  its  performance  *  . 

(2)  Los  Angeles  Harbor.  Debris-cleanup  services  in  the  waters 
of  the  Port  of  Los  Angeles  are  provided  by  three  small  open  boats  which 
were  formerly  seaplane  tenders.  Each  boat  normally  carries  a  crew  of  two, 
and  debris  collection  generally  consists  of  hauling  items  aboard  manually 
or  with  a  200-pound-capacity  hand-cranked  hoist.  Large  items  are  taken 
under  tow  to  the  port  salvage  yard  where  they  arc  stored  behind  a  floating 
log  boom  i/'itil  hoisted  ashore  by  a  mobile  crane.  The  boats  are  also  used 
for  othe.  tasks,  such  as  positioning  timber  camels  along  wharves  for  incom¬ 
ing  ships,  and  providing  general  maintenance  work  on  port  facilities.  Each 
boat  carries  a  supply  of  tools,  including  a  portable  chain  saw,  sledge  ham¬ 
mers,  rope,  nails,  bolt  cutters,  pipe  wrenches,  and  pike  poles  to  enable  its 
crew  to  perform  several  kinds  of  tasks  besides  debris  collection.  The  boats 
could  be  very  useful  in  helping  to  deploy  oil-pollution-response  equipment 
in  the  event  of  an  oil  spill  (Figure  H-15)^’ 


(1)  Telephone  conversation  with  Mr.  Lee  Sellers  of  the  Port  of  Long  Beach 
(October  24,  1973) . 

(2)  Visit  aboard  the  Big  Dipper  (October  24,  1973). 

(3)  Telephone  conversation  with  Captain  de  Santis,  Los  Angeles  Port  Warden 
(October  24,  1973). 

(4)  Visit  aboard  Los  Angeles  Harbor  debris  boat,  Tina  Maru  (October  26,  1973). 
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1101-73/H-15 

FIGURE  H-15 .  LOS  ANGELES  HARBOR  DEBRIS  CLEANUP  BOAT 
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(3)  San  Francisco  Bay.  The  drift  and  debris-removal  program 
operated  by  the  Array  Corps  of  Engineers,  San  Francisco  District,  is  one  of 
the  few  really  large-scale  projects  of  its  kind  in  the  country.  When  the 
debris  situation  is  most  serious,  each  of  the  two  boats  operated  by  the 
Corps  may  pick  up  as  much  as  100  tons  per  day.  The  two  debris-collection 
boats,  Coyote  and  Raccoon,  are  modified  former  Navy  YSD  vessels.  Each  is 
100  feet  long  by  30  feet  wide  and  draws  6  feet  of  water.  The  boats  displace 
about  215  tons,  and  each  is  powered  by  twin  400-horsepower  diesel  engines 
driving  6-foot-diameter  propellers  which  are  much  sturdier  than  normal  for 
this  size  boat,  permitting  them  to  operate  in  heavy  debris  concentrations 
without  damage. 

The  boats  have  specially  modified,  catamaran-type  bows  so  that  a 
chain-link  debris  net  can  be  suspended  between  the  sponsons  to  scoop  up 
debris  as  the  boat  moves  forward.  When  one  net  becomes  filled,  it  is  hoist¬ 
ed  out  of  the  well  and  placed  on  deck  by  the  large  on-board  crane,  and  a 
second  net  is  placed  in  the  well  for  further  debris  collection.  A  total  of 
four  nets  can  be  filled  on  each  boat  before  it  must  return  to  the  docks  in 
Sausalito  to  off-load.  Collected  debris  is  usually  used  in  sanitary  land¬ 
fill  projects. 

Conditions  in  the  Bay  are  such  that  the  debris  tends  to  collect  in 
windrows  up  to  several  hundred  yards  long  due  to  the  combined  effects  of 
wind  and  tidal  currents.  Currents  vary  in  parts  of  the  Bay  from  2  to  6  knots, 
and  winds  often  reach  30  knots.  The  boats  are  well  suited  to  operate  in  the 
relatively  protected  waters  of  the  Bay  but  cannot  venture  to  sea  since  they 
can  safely  tolerate  wave  heights  of  only  1-1/2  to  2  feet.  The  Raccoon  and 
Coyote  were  both  instrumental  in  recovering  oil-soaked  debris  during  the 
Chevron  Tankers  Bay  spill  and  the  Oakland  Estuary  spill  (Figures  H-16,  H-17, 
H-18,  H-19,  and  H-20)(1,  2’ 1 2  3) 


(1)  Telephone  conversations  with  Mr.  Bill  Angeloni  and  Mr.  Bob  Thomas,  Army 
Corps  of  Engineers,  San  Francisco  District  (January  3,  1974  and  Septem¬ 
ber  10,  1973,  respectively). 

(2)  Telephone  conversation  with  Mr.  Johnston,  Army  Corps  of  Engineers,  San 
Francisco  Bay  Model  (August  16,  1973). 

(3)  Visit  aboard  Raccoon  with  Mr.  Bill  Angeloni  (January  15,  1974). 
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1101-/4/H-17 

FIGURE  H-17.  CATAMARAN  BOW  OF  DEBRIS  BOAT,  RACCOON 
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1101-/4/H-17 

FIGURE  H-17.  CATAMARAN  BOW  OF  DEBRIS  BOAT,  RACCOON 
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1101-74/H-19 

FIGURE  H-19.  CHASING  DOWN  WINDROWS  IN  SAN  FRANCISCO  BAY 
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(4)  Seattle-PuRet  Sound  Area.  A  unique  vessel  involved  in  regu¬ 
lar  debris-recovery  operations  is  the  W.  T.  Preston,  operated  by  the  Army 
Corps  of  Engineers,  Seattle  District.  The  Preston  is  a  steam-powered  stern¬ 
wheeler  measuring  over  163  feet  long  by  35  feet  wide,  with  a  draft  of  only 
3  feet  and  normal  freeboard  of  2  to  2-1/2  feet.  Built  in  1929  for  snagging 
and  clearing  log  jams,  her  wooden  hull  was  replaced  in  1939  with  her  present 
steel  one.  The  18-foot-long  by  17-foot-diameter  paddle  wheel  is  powered  by 
two  150-horsepower  steam  engines.  Steam  is  provided  by  a  boiler  operating 
at  180  psi  with  newly  installed  (1970)  diesel  fuel  burners.  The  Preston  has 
a  normal  cruising  speed  of  6  to  7  knots  in  smooth  water,  3  to  5  knots  in 
moderately  rough  water.  Her  shallow  draft,  flat  bottom,  and  low  freeboard 
make  her  unsuitable  for  operation  in  the  open  sea. 

The  Preston  is  used  most  often  to  clear  the  Puget  Sound  area  of 
hazards  to  navigation  such  as  snags  and  deadheads.  Deadheads  lodged  in  the 
bottom  are  located  by  a  light  cable  drawn  along  the  bottom  between  two 
skiffs.  Snags  and  deadheads,  as  well  as  other  large  items  of  floating  drift 
and  debris,  are  hauled  aboard  by  the  Preston's  70-foot  boom  hoist.  A  1-1/4- 
cubic-yard  clamshell  bucket  and  a  large  wire-mesh  dragline  bucket  are  also 
used  on  the  hoist  boom  for  removing  floating  debris.  In  a  typical  year,  the 
Preston  is  in  operation  about  11  months  and  may  pull  out  3,500  snags,  150 
piles,  40  floats  of  various  sizes,  1,100  cubic  yards  of  trash  and  debris, 
and  a  number  of  large  pieces  of  drift.  The  Preston  requires  a  crew  of  up  to 
14  and  has  berthing  and  messing  facilities  on  board.  She  has  been  in  success¬ 
ful  operation  for  many  years  with  no  time  lost  due  to  accidents. 

The  Seattle  District  also  operates  a  former  Navy  YSD,  the  Puget, 
in  regular  snagging  and  drift-removal  work.  Large  items  of  drift  are  removed 
from  the  water  individually  by  cable  plung  from  the  on-board  crane;  smaller 
pieces  of  debris  are  corralled  by  a  sweep  boom,  positioned  by  small  boats,  and 
lifted  out  by  clamshell  bucket.  Both  the  Puget  and  the  Preston  have  some 
capacity  for  temporary  on-board  storage  of  debris;  but  where  large  quantities 
of  debris  are  expected,  separate  flat  barges  are  towed  to  the  scene  and 
loaded  with  debris. 

A  great  i eal  of  the  drift  and  debris  recovered  in  the  Puget  Sound 
area  is  salvageable  lumber,  but  much  is  also  creosoted  pilings  and  logs 
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which  are  not  suitable  for  salvage.  These  Items  are  generally  stored  on 

barges  or  behind  log  booms  for  ultimate  disposal  by  private  contractors  In 

landfill  projects.  The  total  amounts  of  debris  collected  by  the  Corps  and 

disposed  of  by  landfill  In  Fiscal  Years  1972  and  1973  were  2,801  and  2,543 
,  (1,  2,  3) 

tons,  respectively  . 

In  addition  to  the  regular  operations  by  the  Corps  of  Engineers, 
several  companies  in  the  Puget  Sound  area  have  In  the  past  contracted  with 
members  of  the  logging  industry  and  with  the  State  Department  of  Natural 
Resources  to  retrieve  floating  stray  logs  of  marketable  value  and  return 
them  to  their  owners.  These  log  patrols  typically  employ  two  small  tugboats 
vl t h  a  log  boonv  made  of  logs  secured  end-to-end  by  chain  or  cable,  to  corral 
logs  and  other  floating  debris.  Sometimes  a  log  boom  is  run  from  a  conve¬ 
nient  point  on  shore  to  a  tug  to  divert  logs  and  other  debris  to  a  recovery 
area.  Marketable  logs  are  sorted  out  of  the  trash  and  the  branded  logs  sold 
back  to  their  owners  as  provided  by  law.  Unbranded  logs  are  sold  at  auction. 
The  trash  and  debris  collected  is  usually  towed  to  a  suitable  landfill  pro¬ 
ject  and  scooped  out  by  clamshell  bucket. 

Log-patrol  collection  operations  typically  involve  one  boat  with 
a  crew  of  two  working  12  hours  per  day.  Sorting  operations  usually  occupy 
about  b  hours  per  day.  In  2  months  of  operation,  a  typical  log  patrol  recov¬ 
ered  1,200  logs,  200  deadheads,  and  2  "sections"  of  trash — a  section  being  a 

(4  5) 

booraed-off  area  70  feet  square 


(1)  Latta,  R.  H. ,  Acting  Chief,  Operations  Division,  Army  Corps  of  Engineers, 
Seattle  District,  Letter  to  Long  Beach  Research  Facility  (December  7, 
1973). 

(2)  Meeting  with  Mr.  Don  Thuring,  Army  Corps  of  Engineers,  Seattle  District 
(November  28,  1973). 

(3)  Department  of  the  Army,  Corps  of  Engineers,  Seattle  District,  The  Preston 
Story  (April  1971). 

(1)  Telephone  conversation  with  Mr.  Skin  brown.  Pacific  Towboat  Company, 
Everett,  Washington  (November  12,  1973). 

Telephone  conversation  with  Mr.  Dick  Hallenger,  American  Tugboat  Company, 
Everett,  Washington  (November  13,  1973). 
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APPENDIX  I 


| 

DRIFT-RECOVERY  PROGRAMS  ON  RESERVOIRS 

Appendix  I  describes  drift-recovery  operations  on  reservoirs. 

Details  of  equipment  used  in  these  operations  are  discussed. 


345 


APPENDIX  I 


— — drift-recovery  PROGRAMS  ON  RESERVOIRS 

The  operations  described  In  this  appendl,  typically  e^loy  shore- 
based.  permanently  Installed  equip—.  b.  of  .  (lood.e„ttol 

project.  They  are  operated  prUarlly  to  alio,  recreational  „„  „f  the  r.,.r. 
voirs.  Secondary  benefits  include  protection  of  hydroelectric  power  plant, 
thermal-power-plant  coolln.-w.ter  Intake.,  and  municipal  w.t.r-anpply  m- 
Lakes  from  damage  or  clogging  due  to  debris. 


1.  Ice  Harbor  nam 


Ice  Harbor  Dam  is  located  on  the  Snake  River  where  it  joins  the 
Columbia  River,  about  9  miles  upstream  from  Pasco,  Washington.  Debris-recov¬ 
ery  and  -removal  facilities  there  consist  of  a  log-and-chain  containment 
barrier  extending  out  from  the  left  bank  of  the  reservoir,  a  chain  conveyor 
system,  and  a  log-fork-equipped  mobile  crane  ashore.  Floating  debris  is 
diverted  away  from  the  dam  into  an  area  where  it  is  directed  by  workers  to 
tne  conveyor  and  crane.  The  conveyor  snags  logs  and  limbs  up  to  4  feet  in 
■•ameter  and  lifts  them  up  onto  the  bank.  The  crane  also  picks  up  floating 
,og8  and  limbs  and  dumps  them  on  the  bank.  A  bulldozer  then  pushes  the 
J.bris  into  a  disposal  area.  Experience  has  shown  that  the  crane  is  the 
-ore  efficient  of  the  two  systems  and  is  preferred  by  the  facility  operators. 

'n  LCM  iS  3180  avallable  for  ending  the  log  boom,  snagging  logs  which  drift 
kast  the  collection  barrier,  and  miscellaneous  debris  cleanup. 

As  much  as  50  surface  acres  of  debris  are  collected  and  removed  in 
a  typical  year.  (An  acre  of  debris  is  defined  as  enough  debris  to  cover  one 
•ace  acre  of  the  reservoir.)  The  facility  is  capable  of  recovering 
roughly  one  acre  of  debris  per  day. 

In  years  past,  the  debris  was  dozed  Into  a  apeclfie  di.po.al  are. 
.ere  It  was  burned;  the  Hr.  often  Hated  up  to  3  months.  Current  practice 
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is  to  open  the  disposal  area  to  the  public  for  firewood.  This  disposal 
method  seems  to  be  working  out  satisfactorily  for  all  concerned. 

Debris  that  manages  to  bypass  the  collection  barrier  and  reach 
the  dam  forebay  is  removed  by  a  trash  fork  attached  to  a  mobile  crane.  This 
debris  is  hauled  by  truck  to  a  burn  area  (Figures  1-1,  1-2,  1-3,  and  1-4). 

Costs  in  1969  for  debris  and  drift  removal  by  the  methods  described 
above  ran  approximately  $236  per  acre,  not  including  costs  of  burning  or 
:'ixed  plant.  Cost  of  fixed  plant  was  $189,985  to  be  amortized  in  25  years, 
ulus  $34,996  to  be  amortized  in  100  years. 

2.  Grand  Coulee  Dam 

Most  large  items  of  floating  debris  such  as  logs  and  log  rafts, 
cribbing,  houses,  and  boats,  are  collected  by  a  diversionary  log-and-chain 
barrier  at  the  head  of  Franklin  D.  Roosevelt  Lake.  The  debris  is  directed 
to  a  saallow,  relatively  still  portion  of  the  Lake  where  it  is  contained 
until  the  water  level  in  the  Lake  is  allowed  to  drop,  effectively  beaching 
tue  debris.  After  nonburnable  or  heavily  polluting  burnable  items  such  as 
car  and  truck  tires  are  removed,  the  debris  is  bulldozed  into  piles  for 
burning . 

In  years  past,  the  collected  debris  covered  an  area  of  35  t"  40 
acres  10  feet  thick,  but  in  recent  years  this  has  dropped  to  i1  to  15  acres 
8  to  9  feet  thick,  owing  to  the  greater  number  of  dams  upstream.  The  debris 
takes  about  1  week  to  burn. 

A  new  log  boom  tias  recently  been  put  in  place,  which  consists  of 
Douglas-f ir  logs  40  feet  long  and  at  least  18  to  20  inches  in  diameter. 

Lacu  log  has  a  4-inch-diameter  hole  drilled  through  near  each  end,  and  the 
logs  are  chained  together.  The  boom  is  constantly  tended  by  a  small  tugboat 
to  keep  tiie  debris  flowing  into  the  disposal  area. 


FIGURE  1-1.  DEBRIS  HANDLING  AT  ICE  HARBOR  DAM  ^ 


FIGURE  1-2.  LOG  RAKE  USED  AT  ICE  HARBOR  DAM  (1) 


(1)  EKE.?  Ui"b°-  °f  *«*-*.. « 


FIGURE  1-3.  DEBRIS  CONVEYOR  AT  ICE  HARBOR  DAM^ 


FIGURE  1-4.  DEBRIS  CONVEYOR  AT  ICE  HARBOR  DAM 


(1) 


(1)  Photos  courtesy  of  Mr.  Paul  Winborg,  op  cit. 
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APPENDIX  J 


POTENTIALLY  USEFUL  EQUIPMENT  FROM  AREAS 
UNRELATED  TO  OIL  SPILLS 


Appendix  J  contains  descriptions  of  equipment,  from  areas  unrelated 
to  oil  spills,  that  was  investigated  for  possible  use  with  debris  in  oil 
spills.  Equipment  types  discussed  are  logging  and  lumbering  equipment, 
raaterials-handling  equipment,  mater ials-processing  equipment,  solid-waste- 
disposal  equipment,  agricultural  equipment,  construction  and  demolition 
equipment,  dredging  equipment,  and  fishing-industry  equipment. 
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A.  POTENTIALLY  USEFUL  EQUIPMENT  FROM  AREAS 
UNRELATED  TO  OIL  SPILLS 


1.  Logging  and  Lumbering  Industry  Equipment 

In  general,  logging  equipment  tends  to  be  extremely  large  and 
highly  specialized  to  handle  large  logs  in  rugged  terrain.  Some  techniques 
and  equipment  developed  for  firms  in  the  logging  industry,  however,  could 
be  applied  to  debris-handling  situations. 

a.  Nelson  Log  Bronc 

The  Nelson  Log  Bronc  Company  of  Coos  Bay,  Oregon,  has  designed  a 
utility  craft  for  Weyerhaeuser  Lumber  Company  called  the  Logster,  which,  its 
manufacturers  claim,  will  remove  debris  from  inland  waterways,  skim  spilled 
oil,  fight  fires,  and  perform  harbor  maintenance  work.  As  pictured  in 
Figure  J-l,  the  Logster  consists  of  three  modular  hull  sections  with  an 
articulated  hydraulic  crane  and  a  debris  conveyor  belt  mounted  on  the  central 
hull  module.  The  standard  hydraulic  crane  has  a  25-foot  boom,  270-degree 
rotation,  and  a  lifting  capacity  of  14,000  pounds  at  8  feet  extension. 
Available  accessories  for  the  crane  include  log  grapples  up  to  a  42-inch 
capacity,  a  clamshell-type  wire-mesh  debris  basket,  a  submersible  saw  head, 
a  7,000-pound-capacity  winch,  twin-controlled  air  hoses,  and  a  lineman's 
bucket  for  cable-crossing  or  bridge  maintenance.  The  48-inch-wide  steel 
screen-type  debris  conveyor  is  mounted  on  the  forward  end  of  the  center  hull 
section  at  the  throat  of  a  "Y"  formed  by  the  outboard  sponsons  and  two 
extensible  arms  which  direct  debris  to  the  conveyor  as  the  craft  moves  for¬ 
ward  at  1  to  3  knots.  The  conveyor  is  equipped  with  6-inch  lands  which 
help  to  hold  debris  and  guide  it  up  the  conveyor  and  into  steel  screen  bas¬ 
kets  for  temporary  storage  and  off-loading.  An  oil  skimmer  can  also  be 
placed  in  the  area  between  the  outboard  sponsons. 
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FIGURE  J-l.  NELSON  LOGSTER^ 


(1)  Courtesy,  Nelson  Log  Bronc  Company,  Coos  Bay,  Oregon. 
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The  Logster  is  48  feet  long  and  22  feet  wide  overall,  but  its  modu¬ 
lar  construction  allows  it  to  be  transported  by  flatbed  truck.  The  vessel's 
draft  forward  is  15  inches  and  loaded  capacity  is  75,000  pounds.  Twin  pro¬ 
pulsion  units  are  mounted  in  the  aft  end  of  each  sponson  and  consist  of  a 
100  hp  Detroit  diesel  marine  engine  driving  a  Hydro-Drive  Model  U  360/100 
swivel  strut  drive  allowing  each  of  the  propellers  to  be  rotated  360  degree-- 
to  provide  thrust  in  any  direction.  The  marine  engines  also  supply  power  to 
the  hydraulic  system. 

The  craft  has  been  in  operation  since  December  1972  and  is  consi¬ 
dered  very  successful  in  cleaning  up  debris  from  logging  operations. 
Weyerhaeuser  has  added  a  crane  operator's  cab  above  the  pilot  house  for  bet¬ 
ter  visibility  and  is  considering  adding  larger  diesels  for  increased  power 
and  maneuverability. 

The  Nelson  firm  is  also  developing  a  smaller  version  of  the  Logster, 
24  feet  long  by  14  feet  wide,  for  the  Simpson  Lumber  Company.  This  will  be  of 
modular  construction  and  easily  knocked  down  for  truck  transport  on  public 
highways.  They  are  also  investigating  the  possibilities  of  on-board  incin¬ 
erator  units  to  reduce  temporary  storage  requirements. 

Nelson  also  makes  the  Nelson  Log  Bronc  in  two  sizes,  as  shown  in 
Figure  J-2.  The  Log  Bronc  is  an  example  of  the  small,  powerful,  ruggedly 
built  boats  which  have  been  used  extensively  for  log  sorting,  rafting,  and 
towboat  operations  in  the  Pacific  Northwest  and  in  other  areas  of  the  world. 
Boats  of  this  small  size,  maneuverability,  and  heavy  construction  would  be 
suitable  workboats  in  heavy  concentrations  of  the  largest  items  of  debris  in 
an  oil  spill. 

b.  Log  Grapples 

There  are  a  number  of  different  kinds  of  log  and  pulpwood  grappling 
devices  in  use  by  the  logging  industry  which  would  be  suitable  for  handling 
certain  kinds  of  debris.  The  McCinnes  Manufacturing  Company,  of  Houston. 
Texas,  manufactures  a  line  of  high-strength-alloy  steel  Duckets  and  grapples, 
two  of  which  are  shown  in  Figures  J-3  and  J-4.  Mack  Manufacturing.  Ii.e.,  of 
Prichard,  Alabama,  also  manufactures  a  line  of  grapples,  some  of  which  have 
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MODEL  147  DM 


U.S. 

METRII 

LENGTH 

14.0  ft. 

4.3  m 

BEAM 

7.0  ft. 

2.1  m 

ORAFT 

3.8  ft. 

12m 

WEIGHT 

8,000  lbs. 

3.632  kg 

PROPELLER 

22  in. 

559  mm 

FUEL  CAPACITY 

40  gal. 

151  1 

POWER 

100  h.p. 

STANDARD  ENGINE 

GM  Detroit  Diesel  Model  4-53  2  Cycle 
OPTIONAL  ENGINE 

Perkins  &  Chrysler  Nissen 
MECHANICAL  DRIVE  UNIT 

Hydro-Drive  Model  360/100 


TWUI  SKU1 


MODEL  127  DM 


US. 

12.5  ft. 

7.0  ft. 

3.6  ft. 

7.000  lbs. 

19  in. 

40  gal. 

75  h.p. 

STANDARD  ENGINE 

GM  Detroit  Diesel  Model  3-53  2  Cycle 
OPTIONAL  ENGINE 

Perkins  &  Chrysler  Nissen 
MECHANICAL  DRIVE  UNIT 

Hydro-Drive  Model  360/100 


LENGTH 

BEAM 

DRAFT 

WEIGHT 

PROPELLER 

FUEL  CAPACITY 

POWER 


QOTBOAQP  paoeiur 


FIGURE  J-2.  NELSON  LOG  BR0NC 


(1) 


f ! 


Courtesy,  Nelson  Log  Bronc  Company,  Coos  Bay,  Oregon. 
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SNAGGING  OPERATION  USING  CABLE-OPERATED 


been  supplied  to  the  Corps  of  Engineers  for  snag  and  debris  removal  from 
waterways  and  to  debris-cleanup  operators  at  dam  sites  and  other  locations. 
The  Mack  grapples  can  be  furnished  for  wire-rope,  air,  or  hydraulic  opera¬ 
tion  and  include  (1)  the  open-side  pulpwood  grapple,  (2)  the  4-tine  pulp- 
wood  grapple,  (3)  the  3-tine  pulpwood  grapple,  (4)  the  standard  log  grapple, 
(5)  the  interlocking  log  grapple,  and  (6)  the  5-tine  scrap  and  rock  grapple. 

The  advantages  of  using  a  log-grapple-type  device  for  clearing 
debris  from  an  oil  spill  lie  in  the  fact  that  «■  suitable  grapple  can  be 
selected  according  to  the  predominant  category  of  debris  which  is  most  like¬ 
ly  to  be  encountered.  Grapples  are  particularly  well  suited  for  recovering 
large-  and  medium-sized  general  wood  items,  discrete  lumps  and  rigid  pieces, 
and  some  special  case  items. 

Mar  Hook  and  Equipment,  Incorporated  of  Aberdeen,  Washington, 
manufactures  a  line  of  automatic  releasing  hooks  and  grapples  in  a  range  of 
sizes  specifically  for  the  logging  industry.  These  devices  would  be  suitable 
primarily  for  handling  very  large  logs  and  other  large  general  wood  items 
and  require  a  crane  with  a  heavy  lifting  capacity. 

c.  Miscellaneous  Log-Handling  Gear 

Both  Marathon  LeTourneau  Company  of  Longview,  Texas,  and  Raygo- 
Wagner  of  Portland,  Oregon,  supply  very  large  capacity  (up  to  120,000  pounds) 
log  sorter/stackers  to  the  lumbering  industry.  These  are  extremely  large 
vehicles  which  are  used  in  lumberyards  to  sort,  stack,  load,  and  unload 
truckloads  of  large  logs.  They  are  very  maneuverable,  but  their  use  in  a 
debris  cleanup  would  be  limited  to  areas  where  their  weight  and  size  would 
cause  little  damage  to  the  environment.  Their  use  would  also  be  limited  to 
those  shore  areas  where  debris  consists  mostly  of  large  wood  items  and  logs. 
The  pictures  in  Figures  J-5  and  J -6  are  from  the  manufacturers'  sales  liter¬ 
ature. 

Another  manufacturer  of  logging  equipment,  Washington  Iron  Works 
of  Seattle,  makes  a  line  of  specialized  equipment  including  power  yarders, 
mobile  logging-slash  mulchers,  highline  spars,  and  hydraulic  log  loaders. 

The  yarders  are  basically  very  large  (300  to  500  horsepower)  power  winches 
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FIGURE  J-5 .  LOG  STACKER /LOADER 
(L)  Courtesy  Marathon  LeTourneau  Company,  Longview,  Texas. 


which.  In  conjunction  with  spars  or  large  cranes,  are  used  to  transport  logs 
along  cable  highlines  in  mountainous  terrain.  The  techniques  involved  re¬ 
quire  semipermanent  emplacement  of  equipment  and  would  have  very  limited 
application  in  a  debris-handling  operation. 

The  mobile  slash  mulcher  is  a  tracked  vehicle  designed  to  traverse 
very  rough  terrain  and,  equipped  with  a  boom-mounted  rotating  cutter,  slash 
small  trees,  logs,  and  limbs  into  small  pieces  which  are  more  easily  biode¬ 
graded.  Its  utilization  in  debris-handling  operations  would  be  very  limited, 
but  the  rotating-cutter-wheel  principle  shows  promise  as  a  concept  for  pro¬ 
cessing  certain  kinds  of  oil-soaked  debris  (Figure  J-7)  . 

Washington  Iron  Works'  mobile,  self-propelled  hydraulic  log  load¬ 
ers  are  specifically  designed  for  handling  large  logs  in  rugged  terrain. 

The  principles  involved  in  their  operation  would  limit  their  usefulness  to 
situations  where  very  large  items  of  debris  are  encountered. 

2.  Mater ials-Handling  Equipment 

A  wide  variety  of  equipment  is  used  in  the  materials  handling 
industry.  Some  of  these  have  already  been  used  for  debris  handling  in  oil 
spills,  while  other  concepts  in  technique  and  equipment  look  promising  for 
certain  situations  but  have  not  been  used  specifically  for  debris  handling. 
ns  a  rule,  materials-handling  operations  are  set  up  to  handle  materials  with 
specific  characteristics  such  as  size,  weight,  density,  moisture  content, 
etc.;  and  this  would  limit  the  effectiveness  of  certain  kinds  of  equipment 
in  coping  with  the  very  wide  variety  of  material  properties  found  in  oil- 
soaked  debris.  There  are  some  materials-handling  systems,  however,  which 
are  very  versatile  in  this  respect.  Also,  although  many  of  the  concepts 
discussed  are  based  on  permanent  installations,  they  could  be  adapted  to 
mobile  application. 

a.  Belt  and  Screen  Conveyors 

Continuous-moving-belt  or  screen-type  conveyors  are  widely  used 
in  the  materials-handling,  construction,  mining,  food-processing,  and  earth- 
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moving  industries  to  move  large  amounts  of  material  at  a  continuous  rate. 

The  conveyors  consist  of  a  continuous  belt  or  steel  screen  which  is  general¬ 
ly  supported  at  regular  intervals  by  rollers  or  wheels.  The  belts  may  have 
vertical  lands  or  spikes  to  keep  material  from  sliding  or  slipping  on  the 
belt  surface.  Conveyor  systems  can  be  of  almost  any  length  and,  depending 
on  the  nature  of  the  belt  or  screen  and  the  material  it  is  designed  to  carry, 
can  transport  materials  in  a  straight  line  up  and  down  moderate  grades.  The 
advantages  of  conveyor  systems  are  that  they  can  transport  material  at  high 
continuous  rates;  they  are  basically  very  simple;  and  standard  components 
are  available  from  a  number  of  manufacturers.  Disadvantages  include  sensi¬ 
tivity  to  the  size  of  debris  (generally  limited  to  the  width  of  the  belt) 
and  the  fact  that  they  cannot  easily  handle  certain  shapes  such  as  cylinders 
and  spheres. 

Some  belt-conveyor-type  systems  have  already  seen  use  in  debris- 
recovery  operations  such  as  on  the  Slicklicker  and  MARCO  skimming  and  debris- 
recovery  vessels.  Conveyor-type  devices  perform  the  recovery  function  well 
in  situations  where  the  oil/debris  is  concentrated  and  the  items  of  debris 
are  not  large  or  heavy  or  shaped  such  that  they  roll  off  the  belt.  Belt-  or 
screen-type  conveyor  systems  would  be  suitable  for  transferring  most  cate¬ 
gories  of  debris  from  the  recovery  device  to  a  temporary  storage  container 
or  a  processing  device,  or  from  a  processing  device  to  a  disposal  device,  etc. 

b.  Oscillating  Conveyors 

These  are  conveyor  systems  which  consist  of  a  rigid  trough  or 
screen  which  is  mounted  on  mechanical,  electromechanical,  or  pneumatic  vibra¬ 
tors  which  impart  special  orbital  motions  to  the  screen  or  trough.  The  con¬ 
veyor  is  alternately  pushed  up  and  forward  and  then  quickly  jerked  down  and 
backward,  thus  moving  the  material  on  the  conveyor  forward.  Vibrating  con¬ 
veyors  are  generally  used  to  transport  dry,  free-flowing,  fairly  uniform- 
sized  materials  such  as  crushed  rock  and  gravel,  grain,  coal,  etc.,  at  rates 
up  to  150  tons  per  hour. 

Vibrating  conveyors  are  simple,  ruggedly  built,  and  come  in  a 
variety  of  standard  sizes  up  to  48  inches  wide  and  capable  of  handling 
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materials  weighing  up  to  300  pounds  per  cubic  foot.  They  could  be  used  to 
perform  transfer  or  transport  functions  in  a  debris-recovery  system, 
although  their  ability  to  handle  mixtures  of  oil-soaked  debris  or  large 
categories  might  be  limited. 

c.  Screw  or  Auger-Type  Conveyors 

This  type  of  conveyor  consists  of  a  large,  rotating  screw-  or 
auger-type  impeller  mounted  in  the  bottom  of  a  trough  or  in  a  tube  of 
nearly  the  same  diameter  as  the  impeller.  Material  is  usually  dumped  into 
the  trough  or  fed  into  the  tube  at  a  controlled  rate  and  is  pushed  along 
the  conveyor  by  the  screw  action  of  the  impeller.  Conveyors  of  this  type 
are  used  to  move  bulk  materials  such  as  grains,  fertilizer,  dry  chemicals, 
coal,  crushed  rock,  etc.,  which  are  generally  free-flowing  and  of  a  fairlv 
uniform  particle  size.  They  are  available  in  a  number  of  different  siy.es 
and  impeller  configurations  from  various  manufacturers.  They  are  relatively 
unaffected  by  the  moisture  content  of  materials,  and  they  could  be  used  to 
transfer  or  transport  oil-soaked  debris  of  any  category  as  long  as  the  larg¬ 
est  dimension  did  not  exceed  the  radius  of  the  tube  or  the  pitch  of  the 
screw. 

d.  Dragline  Conveyors 

This  type  of  conveyor  consists  of  a  trough  (which  can  be  covered 
or  uncovered)  or  tube  in  which  a  series  of  equally  spaced  plates  of  roughly 
the  same  cross-sectional  shape  as  the  trough  or  tube  are  attached  to  a  con¬ 
tinuous  chain  or  cable  running  the  length  of  the  conveyor.  The  plates,  which 
are  perpendicular  to  the  direction  of  travel,  are  dragged  through  the 
trough  and  thus  force  the  material  to  move.  These  conveyors  are  used  in 
basically  the  same  applications  as  screw  or  auger-types  and  also  come  in  a 
wide  variety  of  shapes  and  sizes.  They  are  relatively  unaffected  by  mois¬ 
ture  content  of  the  material  to  be  handled,  and  could  be  used  to  transfer 
or  transport  any  category  of  oil-soaked  debris  where  the  largest  dimension 
of  the  debris  did  not  exceed  trough  width,  height,  or  plate  soai ing. 
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e.  Vibrating  Screens 


Vibrating  or  oscillating  screens  are  used  in  materials-handling 
applications  for  such  things  as  parts  sorting,  dewatering  in  food  processing, 
separating  solids  from  liquids,  sizing  and  scalping  in  the  mining  industry, 
and  shaking  sand  from  castings  in  foundries.  The  screens  are  manufactured 
in  a  variety  of  styles  and  capacities,  but  they  are  all  basically  flat,  per¬ 
forated  screens  or  gratings  mounted  on  a  vibrating  or  oscillating  mechanism. 
Their  usefulness  in  recovery,  transfer,  or  transport  of  oil-soaked  debris  is 
doubtful,  but  they  could  be  used  in  a  processing  function  to  sort  out  sizes 
of  debris,  reclaim  useful  items  recovered  in  the  debris-cleanup  operation, 
rin,e  oil  from  debris  to  facilitate  disposal  or  reclamation,  wash  oil  from 
reusable  oil  sorbents,  etc. 

f •  Material  Containers 


In  addition  to  standard  trash  containers  described  elsewhere  in 
this  report,  there  are  several  kinds  of  containers  which  have  seen  use  in  the 
materials-handling  industry  which  could  be  used  in  a  debris-handling  system. 
One  type  of  container  is  the  folding  or  collapsible  steel-framed  wire-mesh 
container.  These  are  available  from  several  manufacturers  in  a  variety  of 
standard  sizes  capable  of  containing  solid  debris  categories  in  small  to 
medium  size  classes.  They  would  not  be  particularly  suited  to  containing 
amorphous  materials  or  very  small  (less  than  about  2-inch)  items,  but  they 
could  be  lined  with  plastic  sheet  to  handle  these.  Their  biggest  advantage 

18  thaL  they  can  be  collapsed  for  easy  transport  to  the  debris-recovery  site, 
then  assembled  for  use  in  temporary  storage,  transfer,  and  transport  func¬ 
tions.  They  weigh  less  than  standard  trash  containers,  and  can  be  handled 
by  standard  fork-lift  trucks  or  hoisted  by  crane. 

Another  kind  of  container  which  could  be  used  for  temporary  storage, 
transfer,  and  transport  functions  is  the  self-dumping  hopper.  They  are 
basically  open-topped  containers  which  are  constructed  so  that,  when  loaded, 
they  will  automatically  tip  forward  and  dump  their  contents  when  a  safety 
catcl  is  released.  These  are  also  available  commercially  in  a  number  of 
sizes  capable  of  handling  all  but  the  largest  categories  of  debris. 
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Four-sided  hoppers  are  available  in  capacities  up  to  5  cubic 
yards  and  widths  to  106  inches,  or  they  can  be  ordered  with  open  sides  for 
longer  items.  They  can  be  mounted  on  skids  for  handling  by  standard  fork¬ 
lift  trucks  or  on  their  own  casters  for  moving  by  hand  or  small  truck  or 
tractor.  Most  containers  used  in  the  handling,  transport,  or  storage  of 
bulk  materials  are  designed  specifically  for  the  kind  of  material  they  are 
to  contain,  whether  it  be  a  liquid  such  as  paint,  petroleum  products, 
chemicals,  etc.;  or  solids  such  as  dry  chemicals,  salt,  grains,  sand,  etc. 
As  a  result,  they  are  generally  not  suitable  for  handling  the  wide  variety 
of  sizes  and  shapes  which  make  up  oil-soaked  debris.  If  the  debris-handl¬ 
ing  system  were  to  include  a  grinding  or  mulching  function  to  reduce  the 
size  of  debris  to  small,  uniform  particles,  then  bulk-materials-handling 
containers  could  be  used  more  effectively. 

3.  Materials-Processing  Equipment 

The  concept  of  processing,  in  the  context  of  this  report,  refers 
to  anything  which  can  be  done  to  recovered  debris  to  alter  its  characteris¬ 
tics  in  order  to  (1)  make  it  easier  to  handle,  (2)  make  it  more  convenient 
to  store  temporarily,  or  (3)  maki  it  easier  to  dispose  of.  The  materials 
processing  equipment  discussed  in  this  subsection  consists  of  machinery 
which  is  designed  to  reduce  the  size  of  the  various  categories  of  debris 
and  includes  grinders,  mulchers,  shredders,  clippers,  and  hammermills.  The 
machinery  is  divided  into  three  separate  subcategories. 

a.  Small 

These  machines  are  generally  used  in  yaru  cleanup  and  gardening 
work  to  chop  up,  shred,  or  grind  typical  gardening  debris  such  as  leaves, 
twigs,  small  sticks,  and  branches,  etc.  They  are  seif-powered  and  easily 
portable  so  that  they  could  be  placed  on  a  barge  or  medium-sized  workboat. 
Most  of  these  devices  could  be  used  in  situations  where  the  debris  consists 
of  mostly  small  categories  such  as  straw,  twigs,  seaweed,  etc.  The  princi¬ 
ples  of  operation  of  the  ■'nail  machine  are  described  in  an  article  on  pages 


m-m  of  the  November  1973.  Peppier  Selemee  uug.blue,  by  E.  F.  Llndsley> 
en  ltled  Chlppere  and  Shreddere  Cut  Tour  Yard  Junk  Doun  to  Site"  The 
machlnee  ere  o(  three  b.elc  typ..-h.™r^ll-type  grlnder-eompo.ters, 

ehredder-beggere,  end  dipper..  The,  r.ng.  1„  from  2  to  8  horsepower 
and  in  price  from  $135  to  $585. 

b .  Medium 

These  machines  are  commonly  used  by  professional  tree  trimmers, 
power  company  line-maintenance  workers,  and  municipal  maintenance  worker I 
to  pulverize  tree  limbs,  large  branches,  and  trunks  of  small  trees  which 
have  been  cleared  from  power-line  rights-of-way.  city  streets,  construction 
sites,  etc.  They  are  often  mounted  on  a  separate  trailer  towed  behind  a 
dump  truck  so  that  limbs  and  branches  are  fed  in  from  behind  and  the  wood 
chips  are  blown  out  the  front  into  the  truck  bed.  They  generally  consist  of 
a  high-speed  rotary  steel  cutting  or  chipping  wheel  capable  of  mulching 
tree  limbs  up  to  8  inches  in  diameter.  The  wood  chips  produced  are  usually 
on  the  order  of  1  to  2  inches  in  diameter.  These  machines  are  readily  avail¬ 
able  in  most  metropolitan  areas  and  can  easily  be  placed  on  large  barges  to 
process  nearly  all  categories  of  debris  except  the  very  large  sizes.  Diffi¬ 
cult  items  such  as  steel  drums,  large  nails  and  spikes  in  wood,  steel  cable, 
etc.,  cannot  be  mulched  by  these  grinders. 


c.  Large 


The  large  materials  processing  machines  are  found  in  the  scrap- 
steel.  sewage-treatment,  and  solid-waste-disposal  industries.  They  are 
generally  very  large,  permanently  installed,  hammermill-type  shredder 
machines,  some  capable  of  shredding  heavy-gauge  sheet  steel,  automobile 
tires,  demolition  lumber,  and  discarded  appliances  at  rates  up  to  50  tons 
per  hour.  The  photographs  in  Figures  J-8,  J-9,  and  J-10  show  debris  enter 
ing  the  shredder  and  the  product  coming  out.  The  drawings  in  Figures  J-ll 
and  J-12  show  the  principle  of  the  large  hammermill-type  shredder  with  a 
metal  trap  for  catching  dense,  noncrushable  metal  items  such  as  large  nuts 
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FIGURE  J-8.  TYPICAL  LARGE  SHREDDER/MULCHER  INSTALLATION  (1) 


(1)  Courtesy  Williams  Patent  Crusher  and  Pulverizer  Co.,  St.  Louis 
Missouri. 


FIGURE  J-9.  DEBRIS  BEING  FED  IN  SHREDDER/MULCHER  ^ 


FIGURE  J-IO.  SHREDDED  SOLTD  WASTE  AFTER  PROCESSING 
BY  LARGE  SHREDDER/MULCHER 


(1)  Courtesy  Williams  Patent  Crusher  and  Pulverizer  Co.  St  Lou 
Missouri. 


FIGURE  J-ll.  CUTAWAY  VIEW  SHOWING  HOW  SHREDDING  IS  ACCOMPLISHED  (1) 


FIGURE  .1-12.  SECTIONAL  VIEW  OF  HAMMERMILL  SHREDDER/GRINDEP 

(1)  Courtesy  Jeffrey  Manufacturing  Co.,  Columbus,  Ohio. 

(2)  Courtesy  Williams  Patent  Crusher  and  Pulverizer  Co.,  St.  Louis, 
Missouri. 
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and  bolts,  or  castings.  Although  eq’ii^ment  of  this  type  Is  probably  too 
large  to  be  put  on  scene  at  a  debris- recovery  operation,  virtually  all  cate¬ 
gories  of  oil-soaked  debris  could  be  processed  In  these  machines.  The 
shredded  debris  could  then  be  more  easily  incinerated,  used  for  landfill, 
or  perhaps  even  used  for  boiler  fuel. 

d.  Transfer  of  Processed  Oil/Debris 

The  preceding  subsections  described  equipment  which  could  be  used 
to  process  debris  or  oil/debris  mixtures  by  mulching,  grinding,  chipping, 
etc.  The  problem  of  transferring  this  processed  oil/debris  mixture  to  a 
temporary  storage  container  remains.  One  promising  kind  of  transfer  device 
is  the  Moyno  progressing  cavity  pump  designed  and  manufactured  by  Robbins 
and  Myers,  Inc.  of  Springfield,  Ohio.  This  type  of  pump  consists  of  a  long, 
cylindrical  housing  inside  which  is  a  flexible  rubber,  convoluted  stator 
and  a  similarly  shaped  steel  rotor.  The  rotor  and  stator  are  shaped  so  that 
as  the  rotor  is  driven,  the  cavities  between  rotor  and  stator  progress  along 
the  length  of  the  pump,  thus  causing  the  fluid  in  the  pump  to  move  down  the 
length  of  the  housing.  The  pumps  are  available  in  a  number  of  sizes  and 
styles  to  handle  a  wide  range  of  liquid  and  liquid/ solid-slurry  pumping  re¬ 
quirements.  Some  of  these  pumps  are  capable  of  pumping  heavy  crude  oil 
mixed  with  2- inch  cubes  or  chips  of  wood. 

Some  centrifugal  types  of  pumps  such  as  the  Gorman-Rupp  solids- 
handling  trash  pumps  manufactured  by  the  Gorman-Rupp  Company  of  Mansfield, 
Ohio,  might  also  be  suitable  for  transferring  processed  oil/debris  slurries. 
These  are  available  in  a  selection  of  sizes  and,  according  to  the  manufac¬ 
turer's  claim,  are  capable  of  handling  spherical  solids  up  to  3  inches  in 
diameter.  Most  other  varieties  of  pumps  (positive-displacement,  piston, 
diaphragm,  etc.)  are  less  able  to  handle  liquids  with  entrained  solids  of 
any  appreciable  size. 


370 


4.  Solid-Waste-Disposal  Equipment 


a.  Air  Curtain  Combustion  Unit  (ACCU) 

The  Camran  Corporation  of  Seattle,  Washington,  has  developed  a 
portable  device  which  picks  up  and  burns  stumps,  logs,  and  brush  without 
smoke.  Shown  in  Figures  J-13  and  J-14,  the  ACCU  consists  of  a  hydraulic, 
grapple-equipped,  articulated  crane  and  a  combustor  unit  mounted  for  easy 
transport  on  a  road-going  trailer.  ”he  large,  open-topped  combustor  unit 
is  fitted  with  forced-air  ducting  which  provides  draft  for  the  fire  and 
also  effectively  contains  smoke  and  unconsumed  small  particles  inside  the 
unit  with  a  curtain  of  air. 

Although  the  unit  does  not  meet  the  more  stringent  emission  re¬ 
quirements  of  municipal  incinerators,  its  manufacturer  claims  that  it  vir¬ 
tually  eliminates  visible  emission ^  .  The  unit  has  not  been  used  to  burn 
oil-soaked  debris,  but  its  makers  feel  that  it  would  be  able  to  burn  vir¬ 
tually  all  categories  of  oil-soaked  debris,  even  debris  with  significant 

(2) 

(up  to  60  percent)  moisture  content  .  A  unit  capable  of  handling  10  tons 
per  hour  has  a  top  opening  20  by  12  feet,  and  larger  units  capable  of  burn¬ 
ing  25  tons  per  hour  can  be  furnished.  The  unit  can  be  easily  mounted  on  a 
barge  and  taken  to  the  scene  of  oil/debris  recovery. 

The  ACCU  is  a  promising  new  development  in  the  area  of  debris 
handling  and  could  eliminate  many  of  the  debris  storage,  transfer,  transport, 
and  disposal  problems  which  have  been  encountered  in  the  past. 

b.  Trench  Burners 


The  principle  of  controlled  open  burning  is  similar  in  concept  to 
the  ideas  used  in  the  Air  Curtain  Combustion  Unit  and  is  the  basis  for  the 
line  of  Trench  Burners  marketed  by  Air  Pollution  Control  Products,  Inc.  of 
Richmond,  Virginia.  The  Trench  Burner  blower  and  special  manifold  supplies 

(1)  Sales  literature  from  Camran  Corporation,  Seattle,  Washington. 

(2)  Telephone  conversation  with  John  Miflin  of  Camran  Corporation  (January  2, 
1974). 
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FIGURE  J-14.  PRINCIPLE  OF  OPERATION  OF  AIR  CURTAIN 
COMBUSTION  UNITd) 


(1)  Courtesy  Camran  Corporation,  Seattle,  Washington. 
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a  curtain  of  forced  air  over  a  trench  dug  in  the  earth  into  which  burnable 
debris  is  loaded  as  shown  in  the  schematic  in  Figure  J-15.  The  forced-air 
curtain  supplies  oxygen  to  the  fire  and  keeps  smoke  and  unconsumed  particles 
from  escaping  to  the  atmosphere.  Trench  Burner  units  include  a  diesel-driven 
blower  and  8-foot  sections  of  manifold  and  can  be  supplied  in  various  sizes 
for  trenches  up  to  56  feet  long.  Trench  Burners  have  been  successfully  used 
to  dispose  of  logging  wastes,  debris  from  land  clearance,  demolition  wastes, 
railroad  ties,  and  some  kinds  of  municipal  solid  wastes.  Its  makers  feel 
that  the  Trench  Burner  method  could  be  used  to  dispose  of  all  categories  of 
burnable  oil-soaked  debris  with  moisture  contents  as  high  as  50  percent ^ . 
Like  the  ACCU,  the  Trench  Burner  method  looks  like  a  promising  alternative 
to  open  burning  or  landfill  disposal  of  large  quantities  of  oil-soaked  debris. 

c.  Debris  Screens 


A  variety  of  trash  screens  is  used  by  sewage  treatment  plants  to 
remove  trash,  debris,  and  garbage  from  sewage  influent.  These  are  generally 
very  large,  permanently  installed,  self-cleaning  racks  or  screens  set  into 
sewage  influent  channels,  and  may  include  a  garbage  grinder  or  shredder. 

Some  of  the  most  common  screen  types  consist  of  rows  of  equally  spaced  bars 
which  can  be  set  either  vertically  or  inclined  in  the  channel  to  trap  debris. 
A  series  of  rakes,  with  tines  mounted  on  a  moving  chain  or  cable  mechanism 
and  spaced  to  protrude  between  the  bars,  lifts  the  trapped  debris  out  of  the 
water  and  dumps  it  into  a  collection  bin  or  into  a  shredder.  A  rake-wiping 
mechanism  is  often  employed  to  remove  debris  which  does  not  fall  off  due  to 
gravity.  The  entire  raking  mechanism,  except  for  the  protruding  rake  teeth, 
can  be  kept  entirely  downstream  behind  the  bars  to  avoid  jamming  or  mechani¬ 
cal  damage,  or  it  can  be  placed  upstream.  Typical  spacing  of  bars  in  screens 
of  this  type  is  4,  3,  or  2  inches,  although  spacings  of  1-1/2,  1,  3/4  inches 
or  less  can  be  furnished.  Rake  tines  normally  protrude  6  inches  in  front  of 
the  bars  for  trash-removal  stations.  Some  bar  screens  are  shown  in  Figures 
J-16,  J-17,  and  J-18. 


(1)  Telephone  conversation  with  William  C.  Taylor  of  Air  Pollution  Control 
Products,  Inc.  (January  2,  1974). 


FIGURE  J  —  1 5 -  PRINCIPLE  OF  OPERATION  OF  TRENCH  BURNER  ^ 


(1)  Courtesy  Air  Pollution  Control  Products,  Richmond,  Virginia. 
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FIGimii  J-17.  FRONT -CLEANED  BAR  SCREEN 


FIGURE  .1-18.  CATENARY- TYPE  FRONT-CLEANED  BAR  SCREEN 


Columbus,  Ohio 


(1)  Courtesy  Jeffrey  Manufacturing  Co 


Another  variety  of  trash-removal  screen  is  the  travelling  water 
screen  used  to  filter  water  intake  to  power  plants,  refineries,  pulp  and 
paper  mills,  etc.  As  shown  in  Figures  J-19  and  J-20,  this  type  consists  of 
a  continuous  travelling  screen  set  vertically  into  a  channel  and  drawn  by  a 
chain  or  rollers.  The  screen  mesh  usually  has  a  3/8-inch  grid  opening,  and 
trash-lifting  lips  or  frames  are  placed  on  the  screen  about  every  2  feet. 

The  travelling  screens  can  be  operated  continuously  or  intermittently  depen¬ 
ding  on  the  quantity  of  debris  encountered.  The  trash  which  clings  to  the 
trash  screen  is  flushed  off  by  high-pressure  water  jets  inside  the  top 
housing.  These  screens  are  able  to  pick  up  most  small  categories  of  debris 
unless  specially  modified  with  wider  lifting  lips  or  inclined  at  an  angle. 
Short-centered  inclined  screens  with  enormous  carrying  capacities  have  been 
furnished  for  bark  removal  in  log  flumes. 

Although  these  travelling  water  screens  and  bar  screens  are  very 
effective  in  recovering  certain  categories  of  debris,  they  are  much  better 
suited  to  permanent  installation  than  they  would  be  to  handling  wide  varieties 
of  debris  from  a  mobile  platform,  as  is  required  by  most  oil-spill  cleanup 
operations. 

d.  Trash  Racks 


At  power-plant  water  intakes,  both  thermal  and  hydroelectric, 
fixed  bar  racks  are  often  placed  in  front  of  other  debris  screens  to  protect 
them  from  damage  by  large  objects  such  as  logs,  tree  limbs,  oil  cans,  bar¬ 
rels,  or  bottles.  Mechanized  trash  rakes,  such  as  the  one  shown  in  Figure 
J-21,  are  often  used  to  clear  debris  from  these  bar  racks.  In  some  applica¬ 
tions  the  trash-rack  mechanism  is  mounted  on  rails  so  it  can  move  laterally 
and  clean  a  series  of  side-by-side  bar  screens.  This  particular  type  is 
equipped  with  a  patented  rake  design  which  allows  the  rake  to  ride  over 
large  items  of  debris  as  it  is  being  lowered,  and  automatically  positions 
itself  for  debris  collection  when  it  is  raised.  Trash  rakes  of  this  type 
will  handle  nearly  all  debris  categories,  except  perhaps  amorphous  materials, 
up  to  medium  sizes;  but  they  are  much  better  suited  to  permanent  installation 
than  they  would  be  to  mounting  on  a  mobile  platform  such  as  a  barge. 
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FIGURE  J-19.  CONTINUOUS  TRAY-TYPE  TRAVELLING  WATER  SCREEN 


(1)  Courtesy  Jeffrey  Manufacturing  Co.,  Columbus,  Ohio 


(1) 
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5.  Agricultural  Equipment 


Most  of  the  equipment  which  has  been  developed  for  the  farming 
industry  such  as  combines,  crop  harvesters,  fruit  pickers,  etc.,  is  of  such 
a  specialized  nature  that  it  would  not  lend  itself  readily  to  the  problem 
of  debris  handling.  Hay  rakes  have  been  used  for  recovering  oil-soaked 
straw  from  beaches  and  could  probably  be  used  to  rake  straw  and  other  light 
categories  of  debris  out  of  very  shallow  water.  Hay  and  silage  blowers  have 
been  used  in  past  spills  to  dispense  straw  on  slicks,  but  they  are  not 
suited  for  handling  straw  or  other  light  debris  once  it  has  become  wet  or 
oil-soaked. 


6.  Construction  and  Demolition  Equipment 

A  list  of  the  kinds  of  equipment  used  in  construction  and  demoli¬ 
tion  work  includes  front-end  loaders,  backhoes,  bulldozers,  graders,  scrapers, 
hydraulic  cranes  and  lifts,  clamshell  buckets,  dragline  buckets,  earth-moving 
equipment,  dump  trucks,  and  many  others.  As  indicated  in  Chapter  III,  nearly 
all  of  this  equipment  has  already  been  used  effectively  in  one  past  spill  or 
another;  and  recommendations  for  the  appropriate  use  of  such  equipment  are 
included  in  Appendixes  K  through  R. 

Construction  equipment  is  owned  and  maintained  by  private  contrac¬ 
tors  and  local,  state,  or  Federal  government  agencies  throughout  the  country; 
and  much  of  this  equipment  can  be  made  available  for  cleanup  work  in  an  oil- 
spill  incident.  Although  much  of  this  equipment  is  listed  in  local  oil-spill 
contingency  plans,  additional  equipment  may  be  necessary  in  a  major  spill. 

The  Associated  General  Contractors  of  America,  a  national  organization  of 
private  contracting  firms  with  local  chapters  and  state  offices  throughout 
the  country,  has  developed  a  program  called  Plan  Bulldozer,  which  is  designed 
to  provide  technical  knowledge,  personnel,  and  equipment,  if  requested,  to 
Federal,  state,  county  or  city  authorities  in  the  event  of  a  disaster  or 
emergency  situation  such  as  a  fire,  flood,  or  earthquake.  In  some  cases. 

Plan  Bulldozer  includes  a  listing  of  construction  equipment  which  is  owned 
by  contractors  in  the  AGC  chapter's  local  area,  whereas  other  chapters  may 
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not  maintain  permanent  lists  of  equipment  because  it  changes  hands  frequent¬ 
ly  among  member  companies.  In  any  case,  the  local  AGC  chapter  can  furnish 
valuable  information  concerning  construction  equipment,  skilled  operators, 
laborers,  and  supervisory  personnel  that  might  be  available  in  the  area. 
National  headquarters  for  the  AGC  are  in  Washington,  D.  C.,  at  the  following 
address: 

The  Associated  General  Contractors  of  America 
1957  E  Street,  N.W. 

Washington,  D.  C.  20006 
Telephone:  (202)  393-2040 

7.  Dredging  Equipment 

Some  of  the  equipment  utilized  in  dredging  operations  has  been 
investigated  to  determine  its  possible  application  in  oil/debris  cleanup. 
Although  most  of  this  kind  of  equipment,  such  as  the  cutting  heads  and 
associated  rigging  used  to  dig  into  the  dredged  channel  bottom,  is  very 
highly  specialized,  the  large,  centrifugal  pumps  used  to  pump  the  dredge 
spoil  would  be  capable  of  pumping  huge  quantities  of  oil /water/debris  slurry. 
These  pumps  come  in  a  variety  of  sizes  and  power  ratings  to  suit  sped  lie 
dredging  requirements.  Some  of  the  large  pumps  such  as  those  used  in  i  Ik- 
Ellicott  Super  Dragon  Series  3000  dredges^,  are  rated  at  2,250  horsepower 
and  discharge  dredge  spoil  at  rates  of  over  2,000  cubic  yards  per  hour 
through  pipes  up  to  24  inches  I.D.  Large  solid  items  such  as  rocks,  metal 
cans,  and  pieces  of  lumber,  will  pass  right  through  a  pump  of  this  size, 
ihe  pumps  are  equipped  with  special  high-chrome-carbide-steel-alloy  part  r- 
to  resist  abrasion.  Although  these  pumps  could  conceivably  be  used  to  advan¬ 
tage  in  very  large  spills,  their  application  to  most  spills  would  be  Limited. 

8^  Fishing-Industry  Equipment 

Like  other  indu  tries,  the  fishing  industry  uses  many  types  of 
'.pecially  designed  equipim nl  which  would  not  be  suitable  as  is  for  debris 

(1)  Descriptive  literatus  ,  Ellicott  Machine  Corporation,  1600  Push  street, 
Baltimore,  Maryland  .’1230. 


383 


handling,  but  some  of  the  design  concepts  developed  for  this  industry  could 
be  modified  for  effective  debris-handling  functions. 

a.  Trawler  Nets 

As  mentioned  in  an  earlier  section  of  this  report  (Chapter  III,  D) , 
the  use  of  gill  nets  towed  behind  fishing  vessels  to  corral  floating  oil 
slicks  and  debris  on  the  open  ocean  has  been  discussed  but  not  reported  as 
having  been  used  in  actual  practice.  As  indicated  in  Chapter  II,  debris  in 
the  open  ocean  is  generally  not  nearly  as  serious  a  problem  as  it  is  in  pro¬ 
tected  waters,  but  the  oil-soaked  debris  which  is  encountered  in  the  open 
ocean  can  be  recovered  more  easily  if  it  is  first  contained  and  concentrated 
by  some  kind  of  barrier.  A  suitably  modified  fishing  net  towed  in  a  catenary 
between  two  fishing  boats  could  be  used  for  this  purpose.  Many  nets  are 
rigged  to  be  towed  entirely  beneath  the  water  surface,  but  floats  can  be 
rigged  to  keep  one  edge  of  the  net  above  the  surface  to  collect  debris. 

Most  seine-type  or  trawler-type  nets  are  strong  enough  to  contain  all  cate¬ 
gories  of  debris  up  to  medium-sized  pieces.  Fishing  nets  could  not  be  used 
in  protected  water  which  is  shallow,  restricted,  or  subject  to  very  swift 
currents;  but  they  could  be  used  in  wide  expanses  of  most  navigable  harbors 
such  as  San  Francisco  Bay,  Chesapeake  Bay,  Delaware  Bay,  etc.  Further 
investigation  into  the  feasibility  of  using  fishing  nets  for  debris  contain¬ 
ment  or  diversion  is  recommended. 


t .  Travelling  Fish  Screens 


For  many  years  biologists  and  engineers  have  tried  to  develop  ways 
of  protecting  juvenile  salmon,  shad,  and  striped  bass  from  being  killed  in 
rivers  that  have  hazardous  hydroelectric  and  thermal  power-plant  cooling- 
water  intakes,  and  irrigation  projects.  The  reference ^  describes  travelling 

(1)  Bates,  D.  W. ,  and  J.  G.  Vandewalker,  "Preliminary  Design  of  Traveling 
Screens  to  Collect  Juvenile  Fish",  United  States  Fish  and  Wildlife 
5i1TiC?oJ^eCial  Scientlflc  Report,  Fisheries  No.  608,  Washington,  D.C 
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fish  screens  which  were  developed  by  the  Bureau  of  Commercial  Fisheries  to 
divert  these  young  fish  to  bypass  channels  which  carried  them  safely  down¬ 
stream  of  the  hazard. 

As  shown  in  Figure  J-22,  the  screen  consists  basically  of  a  wire- 
mesh  conveyor  set  on  edge  and  placed  diagonally  in  the  stream  across  the 
path  of  the  fish.  The  screen  was  driven  so  that  the  upstream  side  moved  in 
the  same  direction  as  the  downstream  flow.  The  screens  have  proven  very 
effective  in  safeguarding  fish,  but  they  have  also  been  susceptible  to  damage 
from  heavy  debris. 

The  reference  below^  describes  the  design  of  a  travelling  debris 
screen  which  was  developed  by  the  National  Marine  Fisheries  Service  specifi¬ 
cally  to  protect  travelling-fish-screen  installations.  As  shown  in  Figures 
.1-23  through  J-27,  the  debris  screen  is  of  the  same  basic  design  as  the 
fisli  screen — a  conveyor  belt  placed  on  edge  in  a  diagonal  line  (20-dcgree 
angle  to  direction  of  stream)  across  the  debris  path.  Debris  which  impinges 
the  screen  is  diverted  easily  into  a  quiet  pond  for  removal  by  conveyor, 
trash  rake,  crane,  etc.  The  screen  was  constructed  of  heavy  torpedo  netting 
and  suspended  from  a  cable-supported  steel  frame. 

The  debris  screen  was  effective  in  directing  branches  and  logs  up 
to  a  weight  of  1,362  kilograms  (approximately  3,000  pounds),  and  branches 
which  became  enmeshed  in  the  screen  freed  themselves  at  the  downstream  en*l 
of  the  screen.  Long  streamers  of  moss  floating  downstream  in  the  fall  had 
to  be  picked  by  hand  from  the  screen. 

The  screen  would  be  effective  in  diverting  nearly  all  medium  and 
large  categories  of  debris  except  perhaps  filamentous  pieces  and  amorphou 
materials.  Although  this  particular  design  would  seem  to  lend  itself  more 
readily  to  permanent  installations,  the  application  of  the  moving-debris- 
screen  principle  could  be  applied  to  mobile  debris-containment  or  diversion 
equipment.  Portable  travelling  debris  screens  could  be  deployed  across 
swift-running  rivers  or  streams,  harbor  entrances,  boat  slips,  marinas,  etc. 
Further  research  into  the  application  of  travelling  debris  screens  to  debris¬ 
handling  problems  is  recommended. 

(1)  Bates,  D.  W. ,  E.  V.  Murphey,  and  M.  G.  Beam,  "Traveling  Screen  for  Re¬ 
moval  of  Debris  From  Rivers",  NOAA  Technical  Report  NHFS  SSRF-645, 

Seattle,  Washington  (October  1971). 
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vT ION  VIEW  OF  TRAVELLING  DEBRIS  SCREEN 


U) 


<  1  )  li.ites,  Murphey,  anil  Ih.ts,  op  c  i  L ,  p.  2. 
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FIGURE  J-25.  PLAN  VIEW  OF  THE  TRAVELLING  DEBRIS  SCREEN 


FIGURE  J-26 .  ELEVATION  VIEW  OF  A  SECTION  OF 
THE  TRAVELLING  DEBRIS  SCREEN U) 


FIGURE  J-27 .  VIEW  OF  TRACK  AND  CARRIAGE  SYSTEM 
OF  TRAVELLING  DEBRIS  SCREEN (2) 


(1)  Bates  and  Vandewalker,  op  cit,  p.  4. 

(2)  Bates  and  Vandewalker,  op  cit,  p.  3 


APPENDIX  K 


EVALUATION  OF  DEBRIS  CONTAINMENT/DIVERSION  METHODS 


This  appendix  contains  an  evaluation  of  methods  that  have  been 
used  in  past  spills  for  containing  or  diverting  debris. 

The  notation  in  the  body  of  each  table  consists  of  0's,  X's,  and 
XX's,  some  of  which  are  underlined.  The  significance  of  each  symbol  is  as 
follows: 

An  "0"  means  that,  for  a  given  function  (table  heading) 
and  situation  (table  subheading),  the  particular  tech¬ 
nique  or  type  of  equipment  (column  heading)  is  consider¬ 
ed  unacc,  .itable ,  and  is  not  recommended  for  coping  with 
that  particular  debris  category  (line  heading).  Thus, 
for  example,  commercially  available  oil  barriers  are  not 
recommended  for  containment/diversion  of  large  general 
wood  items  in  protected  water  where  the  current  is  less 
than  1/2  knot. 

A  single  "X"  means  that,  for  a  given  function  and  situa¬ 
tion,  the  particular  technique  or  type  of  equipment  is 
acceptable  but  not  highly  recommended  for  coping  with 
that  particular  debris  category.  For  example,  log  booms 
are  acceptable  for  containment/diversion  of  medium-sized 
general  wood  items  in  protected  water  where  the  current 
is  less  than  1/2  knot. 

"XX"  signifies  that  the  particular  technique  or  type  of 
equipment  is  preferred  and  highly  recommended.  Thus, 
utilization  of  natural  debris-collecting  areas  is  a 
highly  recommended  technique  for  containment/diversion 
of  all  debris  categories  in  protected  water  with  current 
less  than  1/2  knot. 

Items  which  are  underlined  are  those  which  were  observed 
or  reported  as  having  been  used  in  previous  oil  spills 
for  that  particular  combination  of  function,  situation, 
and  debris  category.  Absence  of  an  underline  means  that 
no  information  was  found  regarding  application  in  past 
spills  for  the  particular  function,  situation,  and  debris 
category.  Underlined  items,  therefore,  define  examples 
of  the  state  of  the  art  in  debris  handling. 
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Some  column  headings  are  marked  with  an  asterisk  (*), 
and  none  of  the  items  in  these  columns  are  underlined. 
These  columns  represent  techniques  or  types  of  equip¬ 
ment  which  are  available  or  in  use  in  other  industries, 
but  which  the  information  available  indicates  have 
never  been  applied  to  the  problem  of  debris  handling 
in  an  oil  spill.  It  is  significant  that  some  of  the 
items  in  these  columns  are  recommended  more  highly  than 
other  items  which  actually  have  been  used. 
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Recommended  alternative 
used . 


to  current  practice,  not  reported  previously 
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TABLE  K 


SITUATION  II: 

Protected  water; 
currents  up  to  about 
2  knots;  containment 
difficult;  diversion 
to  natural  collecting 
areas  recommended. 
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B.  Groups  of  Pieces  OX  X  X  X  0 

VIII.  Specia 1  Cases  00  X  X  X  0 


XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
Underline  -  reported  state-of-the-art 
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*  -  Recommended  alternative  to  current  practice,  not  reported  previously 
used . 
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Towing  o£  individual 
items  by  boat 
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TABLE  K. 


SITUATION  III; 

Protected  waters;  up 
to  6-knot  currents; 
containment  extrenu  Ly 
difficult;  diversion 
to  natural  collecting 
areas  recommended. 


DEBRIS  CATEGORY:  ~  - ta_fl - ^ 
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A.  Small  0  o  X 
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C.  Large  q  q  ^ 
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Lai&e  .0  0  X  C 

VI.  Amorphous  Materials  0  o  X  0 

''ii.  Filamentous  Pieces 
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B.  Groups  of  Pieces  0  0  X  0 

I'll*  Special  Gases _ _ _  0  0  X  0 

X*  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
under  line  -  reported  state-of-the-art 
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*  -  Recommended  alternative  to  current  practice,  not  reported  previously 
used. 
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C.  Large  0  0 

VI.  Amorphous  Materials  X  X 

VII.  Filamentous  Pieces 

A.  Individual  Pieces  X 

B.  Groups  of  Pieces  X  X 

VIII.  Special  Cases _ 0  X 

XX  -  Preferred;  X  -  Acceptable;  0  -  1 

Underline  -  reported  state-of-the-art 
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APPENDIX  L 


EVALUATION  OF  METHODS  OP  RECOVERING  FLOATING  DEBRIS 


Appendix  L  contains  evaluations  of  methods  of  recovering  debris 
that  is  floating  on  the  water. 

For  the  key  to  symbols,  refer  to  page  389. 
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Preceding  page  blank 


TABLE  L.  RECOVERY 


SITUATION  I: 

Protected  navigable  wa¬ 
ters;  debris  contained 
and/or  concentrated  by 
natural  or  artificial 
barrier;  may  be  near 
shore;  little  or  no  cur¬ 
rent;  equipment  can  be 
barge-  or  boat-mounted 
or  operated  from  shore. 
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X 

X 

X 

0 

0 

X 

X 

VIII.  Special  Cases 

X 

X 

X 

XX 

0 

0 

0 

X 

XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
Underline  -  reported  state-of-the-art 
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*  -  Recommended  alternative  to  current  practice,  not  reported  previously 
used. 
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DEBRIS  CATEGORY: 

I.  General  Wood  Items 


A.  Small 
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XX 

X 

XX 
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XX 
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X 

X 

X 

0 

0 

0 

0 

XX 
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X 
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XX 

0 

0 

0 

0 

■  XX. 

XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
Underline  -  reported  state-of-the-art 
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*  -  Recommended  alternative  to  current  practice,  not  reported  previously 
used.  4Q3 
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SITUATION  III; 

Open  ocean;  debris  con¬ 
tained  and/or  concentrat¬ 
ed  by  artificial  barrier; 
equipment  can  be  perma¬ 
nently  mounted  on  suit¬ 
able  vessel  or  temporari¬ 
ly  mounted  on  vessel  of 
opportunity  (e.g.  LCM, 
LCU,  barge,  etc.). 
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DEBRIS  CATEGORY: 

I.  General  Wood  Items 
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B.  Medium 

XX 
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X 
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X 

0 

0 

X 
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VIII.  Special  Cases 

X 

X 

X 

XX 

0 

0 

0 

0 

XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
Underline  -  reported  state-of-the-art 
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*  -  Recommended  alternative  to  current  practice,  not  reported  previously 
used. 
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TABLE  I.. 


SITUATION  IV: 

Open  ocean;  debris  uncon¬ 
tained  and/or  scattered; 
equipment  can  be  perma¬ 
nently  mounted  on  suitable 
vessel  or  temporarily 
mounted  on  vessel  of 
opportunity  suited  to 
prevailing  sea  state. 

"fire-mesh  basket  cn  ar¬ 
ticulated  hydraulic  crane 
or  backhoe 

Crane-mounted  wire-mesh 
Iragline-type  basket 

Front-end  loading  wire- 

mesh  basket  o»  rake 

Clamshell-bucket-equipped 

crane 

Debris  conveyors 

Dleophilic  belt-type 
skimmers 

^akes,  shovels,  pitch- 
Forks,  dip  nets,  etc. 

Chain-link  or  wire-mesh 
nets  between  atamaran 
no  1 1  s 

DEBRIS  CATEGORY: 

I.  General  Wood  Items 

A.  Small 

XX 

X 

X 

0 

X 

X 

0 

0 

B.  Medium 

XX 

X 

X 

0 

X 

0 

J2 

0 

C.  Large 

X 

X 

X 

0 

0 

0 

0 

0 

II.  Non-Rigid  Shapes 

A.  Snail 

XX 

X 

X 

0 

X 

X 

0 

0 

B.  Large 

XX 

X 

X 

0 

X 

0 

0 
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III.  Rigid  Shapes 

A.  Small 

XX 

X 

X 
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X 
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B.  Medium 

XX 

X 

X 
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0 
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C.  Large 

X 

X 

X 

0 
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0 

0 

IV.  Flexible  Sheets 

A.  Small 

XX 

X 
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B.  Large 

X 
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0 
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V.  Rigid  Sheets 

A.  Small 
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() 

B.  Medium 

XX 

X 
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X 

0 

0 
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C.  Large 

X 

X 

X 

0 

0 

0 

0 

0 

VI.  Amorphous  Materials 

X 

X 

X 

0 

X 

X 

0 
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VII.  Filamentous  Pieces 

A.  Individual  Pieces 
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X 

X 

0 

0 
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B.  Groups  of  Pieces 

X 

X 

X 

0 

0 

0 

0 

VIII.  Special  Cases 

X 

X 

X 

0 

0 

0 

0 

0 

XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
Underline  -  reported  state-of-the-art 
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-  Recommended  alternative  to  current  practice,  not  reported  previously 
used. 
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SITUATION  V: 
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DEBRIS  CATEGORY: 

I.  General  Wood  Items 

A.  Small 
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II.  Non-Rigid  Shapes 
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VIII.  Special  Cases 
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0 

0 

XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
Underline  -  reported  state-of-the-art 
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APPENDIX  M 


EVALUATION  OF  BEACH  RECOVERY  METHODS 

Appendix  M  contains  an  evaluation  of  methods  used  In  past  spill 
for  recovering  debris  from  beaches. 

For  the  key  to  symbols,  refer  to  page  389. 
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TABLE  M.  BEACH  RECOVERY 


DEBRIS  SITUATION  I: 
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beach;  accessible  to 
heavy  equipment. 
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III.  Rigid  Shapes 
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C.  Large 
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IV.  Flexible  Sheets 
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VII.  Filamentous  Pieces 
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XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
Underline  -  Reported  state-of-the-art 
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APPENDIX  N 


EVALUATION  OF  TEMPORARY  STORAGE  METHODS 


Appendix  N  is  an  evaluation  of  containers  and  related  techniques 
that  have  been  used  or  could  be  used  for  temporary  storage  of  debris. 

For  the  key  to  symbols,  refer  to  page  389. 
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DEBRIS  CATEGORY: 

1.  General  Wood  Items 

A.  Small 
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II.  Non-Rigid  Shapes 

A.  Small 
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III.  Rigid  Shapes 
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IV.  Flexible  Sheets 

A.  Small 

X 

0 

0 

X 

XX 

X 

X 

X 

X 

0 

X 

B.  Large 

X 

X 

0 

X 

XX 

XX 

X 

X 

XX 

0 

0 
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VI.  Amorphous  Materials 
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VII.  Filamentous  Pieces 

A.  Invididual  Pieces 
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B.  Groups  of  Pieces 
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VIII.  Special  Cases 
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0 

XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
Underline  -  Reported  state-of-the-art 
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Plastic  trash  bags 
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TIHPOBA&Y  STORAGE 
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V. 

A. 

X 

X 

XX 

B. 
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X 

*  -  Recommended,  alternative  to  current 

practice,  not  reported  previously  used. 
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APPENDIX  0 


EVALUATION  OF  DEBRIS  PROCESSING  METHODS 

Appendix  0  contains  an  evaluation  of  methods  that  have  been  or 
could  be  used  for  processing  of  debris  on  scene  to  reduce  debris-handling 
prob-tuns  in  oil-spill  recovery  operations. 

For  the  key  to  symbols,  refer  to  page  389. 
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DEBRIS  CATEGORY: 

I.  General  Wood  Items 

A.  Small  X  0  OX  X 

B.  Medium  XX  XX  X 

C.  Large  OX  0  0  X 

II.  Non-Rigid  Shapes 

A.  Small  X  0  XX  X 


B.  Large  XX  OX 

I'll.  Rigid  Shapes 

A.  Small  X  0  OX 

B.  Medium  XX  XX 

C.  Large  OX  00 

IV.  Flexible  Sheets 

A.  Small  X  0  X  0 

B.  Large  OX  X  0 

V.  Rigid  Sheets 

A.  Small  X  0  OX 

B.  Medium  XX  XX 

C.  Large  OX  X  0 

VI.  Amorphous  Material  00  00 

VII.  Filamentous  Pieces 

A.  Individual  Pieces  XX  00 

B.  Groups  of  Pieces  XX  00 

VIII.  Special  Cases  XX  XX 


XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
Underline  -  reported  state-of-the-art 
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*  -  Recommended  alternative  to  current  practice,  not  reported  previously 
used. 
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APPENDIX  P 


EVALUATION  OF  METHODS  FOR  TRANSFER  OF  DEBRIS 


Appendix  P  contains  evaluations  of  methods  for  the  transfer  cf 
debris  on  the  recovery  site. 

For  the  key  to  iymbols,  refer  to  page  389. 
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DEBRIS  CATEGORY: 

I.  General  Wood  Items 
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XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 
Underline  -  reported  state-of-the-art; 
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0  0  XX  o 

V  X  XX  X 

X  0  XX  o 

0  0  X  o 

X  X  XX  o 

0  X  XX  o 

X  X  XX  x 

X  o  X  o 

0  0  XX  o 

X  X  XX  XX 

0  X  XX  0 

0  X  XX  o 

0  X  XX  o 


*  -  Recommended  alternative  to  current  practice,  not  reported  previously 
used. 


423 


APPENDIX  Q 


gy AT  HATTON  OF  METHODS  FOR  TRANSPORTING  DEBRIS. 

Appendix  Q  contains  an  evaluation  of  methods  of  transport  for 

various  types  of  debris  a 

For  the  key  to  symbols,  refer  to  page  389. 
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Preceding  page  blank 


TABLE  <}.  TRANSPORT 


"O 

0) 


Dump  trucks 

Trash  trucks 

Stake  trucks  or  flatb 
tractor-trailers 

Railroad  hopper  cars 

Scow  or  flat  barges 

Logging  trucks* 

Vacuum  trucks 

DEBRIS  CATEGORY: 

I.  General  Wood  Items 

A.  Small 

XX 

XX 

0 

XX 

X 

0 

0 

B.  Medium 

XX 

XX 

X 

X 

X 

0 

0 

C .  Large 

X 

X 

X 

0 

X 

X 

0 

II.  Non-Rigid  Shapes 

A.  Small 

XX 

XX 

0 

X 

X 

0 

0 

B.  Large 

XX 

XX 

X 

0 

X 

0 

0 

III.  Rigid  Shapes 

A.  Small 

XX 

XX 

0 

XX 

X 

0 

X 

B.  Medium 

XX 

XX 

X 

X 

X 

0 

0 

C.  Large 

X 

X 

X 

0 

X 

0 

0 

IV..  Flexible  Sheets 

A.  Small 

XX 

XX 

0 

X 

X 

0 

0 

B.  Large 

XX 

XX 

0 

0 

X 

0 

0 

V.  Rigid  Sheets 

A.  Small 

XX 

XX 

0 

X 

X 

0 

X 

B.  Medium 

XX 

XX 

X 

X 

X 

0 

0 

C.  Large 

X 

X 

X 

0 

X 

0 

0 

VI.  Amorphous  Material 

X 

X 

0 

X 

X 

0 

XX 

VII.  Filamentous  Pieces 

A.  Individual  Pieces 

XX 

XX 

X 

X 

X 

0 

0 

B.  Groups  of  Pieces 

XX 

XX 

X 

X 

X 

0 

0 

VIII.  Special  Cases 

X 

X 

0 

0 

X 

0 

0 

XX  -  Preferred;  X  -  Acceptable;  0  -  Unacceptable 


Underline  -  reported  state-of-the-art; 
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APPENDIX  R 


EVALUATION  OF  DEBRIS  DISPOSAL  METHODS 


Appendix  R  contains  an  evaluation  of  methods  for  the  disposal  of 
various  categories  of  debris. 

For  the  key  to  symbols,  refer  to  page  389. 
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TABLE  R;  DISPOSAL  METHOD 


XX  -  Preferred;  X  -  Acceptable;  0 
Underline  -  reported  state-of-the- 


-  Unacceptable 
art; 
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APPENDIX  S 


OBSERVED  OR  PROBABLE  EFFECTS  OF  DEBRIS 
ON  POLLUTION-RESPONSE  EQUIPMENT 

Appendix  S  contains  a  stannary  of  observed  or  probable  effects  of 
various  categories  of  debris  on  pollution-response  equipment. 


429 


1 


TABLE  S.  OBSERVED  OR  PROBABLE  EFFECTS  OF  DEBRIS  ON 
POLLUTION-RESPONSE  EQUIPMENT 

Containment  Devices 


Debris  Debris 

Category _ Subcategory _ Effect  on  Equipment 


Category  I: 

General  Wood  Items  Small 
(boards,  logs, 
tree  limbs,  etc.) 


Breaking  when  in  large  quantities 

Puncturing,  tearing,  and  chafing  (espe¬ 
cially  metal  in  wood  pieces) 

Upsetting  trim  (when  in  large  quantities) 

Snagging 


Medium  Breaking 

Puncturing,  tearing,  and  chafing  (espe¬ 
cially  metal  in  wood  pieces) 

Sinking 

Forced  submergence 
Lifting  up  of  boom 
Upsetting  trim 
Snagging 

Deployment  hindrance 


Large  Breaking 

Puncturing,  tearing,  and  chafing  (espe¬ 
cially  metal  in  wood  pieces) 

Sinking 

Forced  submergence 
Lifting  up 
Upsetting  trim 
Snagging 

Deployment  hindrance 
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TABLE  S.  (Continued) 
Containment  Devices 


Debris 

Debris 

Subcategory 

Effect  on  Equipment  - 

category 

Category  II: 
Non-Rigid  Shapes 
(dead  fish,  dead 
birds,  etc.) 

Small 

Breaking  when  in  large  quantities 

Upsetting  when  in  large  quantities 

Snagging 

Large 

Breaking 

Upsetting  trim 

Snagging 

Deployment  hindrance 

Category  III: 
Rigid  Shapes 
(boats,  crates, 
etc. ) 

Small 

Breaking  when  in  large  quantities 

Upsetting  trim  when  in  large  quantities 

Medium 

Breaking 

Puncturing,  tearing,  and  chafing 

■ 

Sinking 

Forced  submergence 

Lifting  up 

Upsetting  trim 

Snagging 

Deployment  hindrance 

Large 

Breaking 

Puncturing,  tearing,  and  chafing 

Sinking 

Forced  submergence 

Lifting  up 

Upsetting  trim 
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TABLE  S.  (Continued) 
Containment  Devices 


Debris 

Category 

Debris 

Subcategorv 

Effect  on  Equipment 

Snagging 

Deployment  hindrance 

Category  IV: 
Flexible  Sheets 

Small 

Breaking  when  in  large  quantities 

(canvas,  rags, 
plastic,  etc.) 

Upsetting  trim  when  in  large  quantities 

Snagging 

Large 

Breaking  when  in  large  quantities 

Upsetting  trim 

Snagging 

Deployment  hindrance 

Category  V: 

Rigid  Sheets 
(plastic,  ply¬ 
wood,  etc.) 

i 

Small 

Breaking  when  in  large  quantities 

Puncturing  and  tearing  when  in  large 
quantities 

Upsetting  trim  when  in  large  quantities 

Medium 

Breaking 

Puncturing  and  tearing 

Sinking 

Lifting  up 

Upsetting  trim 

Snagging 

Deployment  hindrance 

Large 

Breaking 

Puncturing,  tearing,  and  chafing 
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TABLE  S.  (Continued) 
Containment  Devices 


Debris  Debris 

Category _ Subcategory _ Effect  on  Equipment 

Sinking 

Forced  submergence 
Lifting  up 
Upsetting  trim 
Snagging 

Deployment  hindrance 


Category  VI: 
Amorphous  Material 
(wax,  grease,  etc.) 


Breaking  when  in  large  quantities 
Upsetting  trim  when  in  large  quantities 


Category  VII: 

Filamentous  Pieces  Individual 
(seaweed,  hay,  Pieces 

grass,  etc.) 


Snagging 

Deployment  hindrance 


Groups  of 

Pieces  Breaking  when  in  large  quantities 

Upsetting  trim 
Snagging 

Deployment  hindrance 


Category  VIII : 

Special  Cases 
(coconuts, 
bottles,  etc.) 

Puncturing  and  tearing 
Sinking 

Forced  submergence 
Upsetting  trim 


Circular  or 
Spherical 
Surf  aced 

Objects  Breaking 


TABLE  S.  (Continued) 
Containment  Devices 


Snagging 

Deployment  hindrance 


(milk  cartons,  Fabricated 

soap  cartons,  etc.)  Paper  Items  Breaking  when  in  large  quantities 

Upsetting  trim  when  in  large  quantities 
Snagging 
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TABLE  S.  (Continued) 
Recovery  Equipment  -  Transfer  Systems 


Debris  Debris 

Category _ Subcategory 


Effect  on  Equipment 


Category  I: 

General  Wood  Items  Small 
(boards,  logs, 
tree  limbs,  etc.) 


Prevention  of  diaphragm-pump  check-valve 
seating 

Clogging  of  piping  systems 

Jamming  and  seizing  of  rotating  pumps 

Pump  wearing  and  pump  breakage 


Medium  and 

Large  Blocking  of  intake  opening 


Category  II: 

Non-Rigid  Shapes  Small  and 

(dead  fish,  dead  Large  Blocking  of  intake  opening 

birds,  etc.) 


Category  III: 

Rigid  Shapes  Small 

(boats,  crates, 
etc. ) 


Prevention  of  diaphragm-pump  check-valve 
seating 

Clogging  of  piping  systems 
Breaking  of  pump  components 
Jamming  and  seizing  of  rotating  pumps 


Medium  and 

Large  Blocking  of  intake  opening 


Category  IV: 
Flexible  Sheets 
(canvas,  rags, 
sheet  plastic, 
etc.) 


Small  and 

Large  Blocking  of  intake  opening 

Jamming  and  seizing  of  rotating  pumps 

Prevention  of  diaphragm-pump  check-valve 
seating 
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TABLE  S.  (Continued) 
Recovery  Equipment  -  Transfer  Systems 


Debris 

Category 

Debris 

Subcategorv 

Effect  on  Equipment 

Category  V: 

Rigid  Sheets 
(plastic,  ply¬ 
wood,  etc.) 

Small 

Clogging  of  piping  systems 

Jamming  and  seizing  of  rotating  pumps 

Medium  and 
Large 

Blocking  of  intake  opening 

Category  VI: 
Amorphous  Material 
(wax,  grease,  etc.) 

Blocking  of  intake  opening 

Category  VII: 
Filamentous  Pieces 
(seaweed,  hay, 
grass,  etc.) 

Individual 

Pieces 

Jamming  and  seizing  of  rotating  pumps 

Prevention  of  diaphragm-pump  check-valve 
seating 

Groups  of 
Pieces 

Blocking  of  intake  opening 

Category  VIII: 
Special  Cases 
(coconuts, 
bottles,  etc.) 

Circular  or 
Spherical 
Surfaces 
Objects 

Blocking  of  Intake  opening 

(milk  cartons, 
soap  cartons,  etc.) 

Fabricated 
Paper  Items 

Blocking  of  intake  opening 
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TABLE  S.  (Continued) 


Recovery  Equipment  -  Weir  Skimming  Systems 


Debris 

Category 


Debris 

Subcategon 


Effect  on  Equipment _ 


Category  I 

General  Wood  Items  Small 
(boards,  logs, 
tree  limbs,  etc.) 

Medium  and 
Large 


Category  II 

Non-Rigid  Shapes  Small 
(dead  fish,  dead 
birds,  etc.) 

Large 


Category  III; 

Rigid  Shapes  Small 

(boats,  crates, 
etc . ) 

Medium 


Bridging 

Reservoir  clogging 
Bridging 

Upsetting  of  trim 
Displacement  changes 
Physical  damage 
Reservoir  clogging 
Sinking  and  forced  submergence 

Bridging 

Reservoir  clogging 
Bridging 

Upsetting  of  trim 

Displacement  change 

Sinking  and  forced  submergence 

Bridging 

Reservoir  clogging 

Bridging 

Upsetting  trim 

Displacement  change 

Physical  damage 

Reservoir  clogging 

Sinking  and  forced  submergence 
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TABLE  S.  (Continued) 


Recovery  Equipment  -  Weir  Skimming  Systems 


Debris 

Category 

Debris 

Subcategory 

Effect  on  Equipment 

Large 

Upsetting  trim 

Physical  damage 

Sinking  and  forced  submergence 

Category  IV: 
Flexible  Sheets 
(canvas,  rags, 
plastic,  etc.) 

Small  and 
Large 

Bridging 

Upsetting  trim 

Reservoir  clogging 

Category  V: 

Rigid  Sheets 
(plastic,  ply¬ 
wood,  etc.) 

Small 

Bridging 

Reservoir  clogging 

Medium  and 
Large 

Bridging 

Upsetting  trim 

Physical  damage 

Reservoir  clogging 

Sinking  and  forced  submergence 

Category  VI: 
Amorphous  Materials 
(wax,  grease,  etc.) 

Bridging 

Reservoir  clogging 

Category  VII: 
Filamentous  Pieces 
(seaweed,  hay, 
grass,  etc.) 

Individual 
Pieces  and 
Groups  of 
Pieces 

Bridging 

Upsetting  trim 

Displacement  change 

Reservoir  clogging 
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TABLE  S.  (Continued) 


Recovery  Equipment  -  Weir  Skimming  Systems 


Debris  Debris 

Category _ Subcategory _ Effect  on  Equipment 


Category  VIII: 
Special  Cases 
(  . conuts, 
bottles,  etc.) 


Circular  or 

Spherical 

Surfaced 

Objects  Bridging 

Physical  damage 
Reservoir  clogging 


Fabricated 
Paper  Items 
(milk  car¬ 
tons,  soap 
cartons, 
etc. ) 


Bridging 

Reservoir  clogging 


TABLE  S.  (Continued) 


Recovery  Equipment  -  Rotating  Drum, 
DIbc.  Belt  Skimping  Systems 


Debris  Debris 

_ Category  Subcategory 

Category  I: 

General  Wood  Items  Small 
(boards,  logs, 
tree  limbs,  etc.) 


Medium  and 
Large 


Category  II: 

Non-Rigid  Shapes  Small  and 

(dead  fish.  Large 

dead  birds,  etc.) 

Category  III: 

Rigid  Shapes  Small 

(boats,  crates, 
etc. ) 


_ Effect  on  Equipment 

Bridging 

Mechanical  jamming 

Disc  wiper  damage 

Sorbent  belt  clogging 

Debris  wiping  off  recovered  fluid 

Bridging 

Mechanical  jamming 
Physical  damage  due  to  impact 
Tearing  of  sorbent  materials 
Debris  wiping  off  recovered  fluid 

Bridging 

Debris  wiping  off  recovered  fluid 
Bridging 

Mechanical  jamming 

Sorbent  belt  clogging 

Debris  wiping  off  recovered  fluid 


Medium  and 
Large 


Category  IV: 

Flexible  Sheets  Small  and 

(canvas,  rags.  Large 

plastic,  etc.) 


Bridging 

Mechanical  jamming 
Physical  damage  due  to  impact 
Tearing  of  sorbent  materials 

Bridging 

Mechanical  jamming _ 
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TABLE  S.  (Continued) 


Debris  Debris 


Category  V: 

Rigid  Sheets 

Small 

Bridging 

(plastic,  ply¬ 

Mechanical  jamming 

wood,  etc.) 

Sorbent  belt  clogging 

Debris  wiping  off  recovered  fluid 

Medium  and 

Large  Bridging 

Mechanical  jamming 
Impact  and  catastrophic  failure 
Tearing  sorbent  materials 
Debris  wiping  off  recovered  fluid 

Bridging 


Bridging 

Mechanical  jamming 
Sorbent  belt  clogging 

Circular  or 
Spherical 
Surfaced 

Objects  Bridging 

Impact  and  catastrophic  failure 
Debris  wiping  off  recovered  fluid 

(milk  cartons,  Fabricated 

soap  cartons,  etc.)  Paper  Items  Bridging 

Debris  wiping  off  recovered  spill 


Category  VIII: 
Special  Cases 
(coconuts, 
bottles,  etc.  ) 


Category  VI: 

Amorphous  Material 
(wax,  grease,  etc.) 

Category  VII: 

Filamentous  Individual 

(seaweed,  hay.  Pieces  and 

grass,  etc.)  Groups  of 

Pieces 
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Recover 


TABLE  S.  (Continued) 

Equ 


Plene  SklmlnB  Systems 


Debris  Debris 

Category  Subcategory  Effect  on  Equipment 


Category  I: 

General  Wood  Items  Medium 
(boards,  logs, 
tree  limbs,  etc.) 


Bridging 

Clogging  of  reservoir 


Large 

Bridging 

Category  II: 
Non-Rigid  Shapes 
(dead  fish,  dead 
birds,  etc.) 

Large 

Bridging 

Clogging  of 

reservoir 

Category  III: 

Rigid  Shapes 
(boats,  crates, 
etc. ) 

Medium 

Bridging 

Clogging  of 

reservoir 

Large 

Bridging 

Category  IV: 
Flexible  Sheets 
(canvas,  rags, 
plastic,  etc.) 

Large 

Bridging 

Clogging  of 

reservoir 

Category  V: 

Rigid  Sheets 
(plastic,  ply¬ 
wood,  etc.) 

Medium 

Bridging 

Clogging  of 

reservoir 

Large 

Bridging 

Category  VI: 

Amorphous  Materials 
(wax,  grease,  etc.) 

Category  VII: 

Filamentous 

Pieces  Individual 

(seaweed,  hay.  Pieces  and 

grass,  etc.)  Groups  of 

Pieces 

Not  observed 

Bridging 

Bridging 

Clogging  of  reservoir 


TABLE  S.  (.Continued) 

Recovery  Equipment  -  Dynamic-Inclined- 
Plane  Skimming  Systems 

Debris  Debris 

_ Category _ Subcategory _ Effect  on  Equipment 

Category  VIII: 

Special  Cases  Circular  or 

(coconuts.  Spherical 

bottler,  etc.)  Surfaces 

Objects  Bridging 


(milk  cartons.  Fabricated 

soap  cartons,  etc.) Paper  Items  Bridging 

Clogging  of  reservoir 
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TABLE  S.  (Continued) 

Recovery  Equipment  -  Sorbent  Material  Skim^ng  Systems 


Debris  Debris 

Category _ Subcategory _ Effect  on  Equipment 


Category  I: 

General  Wood 

Items 

Sma 1 1 , 

(boards,  logs. 

Medium  and 

tree  limbs,  etc.) 

Large 

Dispersement 
Impairs  recovery 

Category  II: 

Non-Rigid  Shapes 

Small  and 

(dead  fish,  dead 
birds,  etc.) 

Large 

Dispersement 

Impairs  recovery 

Category  III: 

Rigid  Shapes 

Small, 

(boats,  crates. 

Medium  and 

etc. ) 

Large 

Dispersement 

Impairs  recovery 

Category  IV: 

Flexible  Sheets 

Small  and 

(canvas,  rags, 
plastic,  etc.) 
Category  V: 

Large 

Impairs  recovery 

Rigid  Sheets 

Small, 

(plastic,  ply¬ 

Medium  and 

wood,  etc.) 

Large 

Dispersement 

Category  VI: 

Amorphous  Material  Not  observed 

(wax,  grease,  etc.) 


Category  VII: 

Filamentous  Pieces  Individual 
(seaweed,  hay,  Pieces  and 

grass,  etc.)  Groups  of 

Pieces  DisperBement 

Impairs  recovery 


TABLE  S.  (Continued 


] 

Recovery  Equipment  -  Sorbent  Material  Skimming  Systems 


Debris  Debris 

Category _ Subcategory _ Effect  on  Equipment 


Category  VIII: 
Special  Cases 
(coconuts , 
bottles,  etc.) 


Circular  or 

Spherical 

Surfaced 

Objects  Dispersement 


(milk  cartons.  Fabricated 

soap  cartons,  etc.)Paper  Items  Dispersement 

Impairs  recovery 
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TABLE  S.  (Continued) 


Auxiliary  Equipment  -  Boats 


Debris  Debris 

Category _ Subcategory _ Effect  on  Equipment 


Category  I: 

General  Wood  Items  Small  Fouling  of  water  intakes 

(boards,  logs, 

tree  limbs,  etc.)  Medium  and 

Large  Hull  damage 

Impairs  navigation  and  maneuverability 

Breaking  of  propellers 

Fouling  of  water  intakes 

Impairment  of  stability 

Impairment  of  personel  safety 


Category  II. 

Non-Rigid 

Shapes  Small  Fouling  of  water  intakes 

(dead  fish,  dead 
birds,  etc.) 

Large  Impairs  navigation  and  maneuverability 

Fouling  of  propellers 
Fouling  of  water  intakes 

Impairment  of  stability 
Impairment  of  personnel  safety 


Category  III: 

Rigid  Shapes 
(boats,  crates, 
etc. ) 

Impairs  navigation  and  maneuverability 
Breaking  of  propellers 
Fouling  of  water  intakes 

Impairment  of  stability 
Impairment  of  personnel  safety 


Small  Fouling  of  water  intakes 

Medium  and 

Large  Hull  damage 


TABLE  S.  (Continued) 
Auxiliary  Equipment  -  Boats 


Debris 

Category 

Debris 

Subcategory 

Effect  on  Equipment 

Category  IV: 
Flexible  Sheets 
( canvas,  rags, 
plastic,  etc.) 

Small  and 
Large 

Impairs  navigation  and  maneuverability 

Fouling  of  propellers 

Fouling  of  water  Intakes 

Category  V: 

Rigid  Sheets 
(plastic,  ply- 
woo  i ,  etc.) 

Smal  1 

Medium  and 
Large 

Fouling  of  water  intakes 

Hull  damage 

Impairs  navigation  and  maneuverability 
Breaking  of  propellers 

Impairment  of  stability 

Impairment  of  personnel  safety 

Category  Vi: 

Amorphous  Material 

Fouling 

of  water  intakes 

(wax,  grease,  etc.) 

Category  V] I : 

F '.amentous  Pieces 

Ind ividual 

(seaweed,  hay. 

Pieces  and 

grass,  etc.) 

Croups  of 

Pieces 

Impairs 

navigation  and  maneuverability 

Fouling 

of  propellers 

Foul ing 

of  water  Intakes 
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TABLE  S.  (Continued) 
Auxiliary  Equipment  -  Boats 


Debris 

Debris 

Category 

Subcategory 

Effect  on  Equipment 

Category  VIII: 

Special  Cases  Circular  or 

(coconuts.  Spherical 

bottles,  etc.)  Surfaced 

Objects  Hull  damage 

Impairs  navigation  and  maneuverability 

Breaking  of  propellers 

Fouling  of  water  intakes 

Impairment  of  stability 

Impairment  to  personnel  safety 

(milk  cartons.  Fabricated 

soap  cartons,  etc.)  Paper  items  Fouling  of  water  intakes 
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TABLE  S.  (Continued) 

Auxiliary  Equipment  -  Temporary  Storage  Containers 


Debris  Debris 

Cat  egory _ _  SubcateRory 


Category  I: 

General  Wood  Items 
(boards,  logs, 
tree  limbs,  etc.) 

Small 

Medium 

Large 

and 

Category  II: 

Non-Rigid  Shapes 
(dead  fish,  dead 
birds,  etc.) 

Sma  1 1 

Category  III: 

Rigid  Shapes 
(boats,  crates, 
etc.) 

Small 

Med ium 
Large 

and 

Category  IV: 

Flexible  Sheets 

Smal  1 

(canvas,  rags,  etc. 
Category  V: 

) 

Rigid  Sheets 
(plastic,  ply¬ 
wood,  etc.) 

Small 

Medium 

Large 

and 

Category  VI: 

Amorphous  Material 
(wax,  grease,  etc.) 

Category  VII: 

Filamentous  Pieces  Individual 
(seaweed,  hay.  Pieces  and 

grass,  etc.)  Croups  of 

P  ieces 


_ Effect  on  Equipment 

Reduction  of  capacity 
Clogging 

Puncturing  and  tearing 

Reduction  of  capacity 
Clogging 

Reduction  of  capacity 
('logging 

Puncturing  and  tearing 
Clogging 

Reduction  of  capacity 
Clogging 

Puncturing  and  tearing 
Clogging 

Reduction  of  capacity 
Clogging 
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TABLE  S.  (Continued) 

Auxiliary  Equipment  -  Temporary  Storage  Containers 


Debris 

Category 

Debris 

Subcategory 

Effect  on  Equipment 

Category  VIII: 

Special  cases 

Circular  or 

(coconuts, 

Spherical 

bottles,  etc.) 

Surfaced 

Objects 

Reduction  of  capacity 

Clogging 

Puncturing  and  tearing 

(milk  cartons, 

Fabricated 

soap  cartons,  etc. 

)  Paper  Items 

Clogging 
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APPENDIX  T 


CURRENT  EQUIPMENT  DEBRIS  EFFECT  DESIGN 
FEATURES  AND  PROTECTION  TECHNIQUES 

Appendix  T  contains  a  listing  of  design  features  and  protection 
techniques  currently  used  to  avoid  or  minimize  debris  effects  on  pollution- 
response  equipment. 


TABLE  T.  CURRENT  EQUIPMENT  DEBRIS-EFFECT 
DESIGN  FEATURES  AND  PROTECTION 
TECHNIQUES 

Containment  Devices 


Effect 

Design  Feature/Protection  Technique 

Breaking 

Design  Feature  -  High-strength  materials  or 

strength  members,  tensile  elasticity  to  reduce 

debris  impact  forces,  quick  repair  connections. 

Protection  Technique  -  Debris  handling;  manual 

tending;  diversionary  deployment 

Puncturing,  Tearing 

and  Chafing 

Design  Feature  -  Materials  with  high  relative 

toughness;  replaceable  sections. 

Protection  Technique  -  Manual  tending;  patching; 

use  of  double  barriers;  attached  protective  barrier. 

Upsetting  of  Trim 

(in  fence-type  barriers) 

Design  Feature  -  Large  relative  righting  moment. 

Protection  Technique  -  Debris  handling;  use  of 

double  barriers. 

Forced  Submergence 

Design  Feature  -  Reserve  buoyancy. 

Protection  Technique  -  Manual  tending;  debris 

handling . 

Sinking 

Design  Feature  -  Compartmentalized  flotation;  re¬ 
dundant  flotation  systems. 

Protection  Technique  -  See  puncturing,  tearing, 

and  chafing. 
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TABLE  T.  (Continued) 


Containment  Devices  (Continued) 

Elf ect  _ Design  Feature/Protection  Technique _ 

Snagging  Design  Feature  -  Smooth  external  surfaces. 

Protection  Technique  -  Manual  tending;  debris 
handling. 

Lifting  Up  Design  Feature  -  Greater  draft;  stiffer  section. 

Protection  Technique  -  Manual  tending;  debris 
handling . 

Deployment  Hindrance  Design  Feature  -  Smooth  exterior  surfaces. 

Protection  Technique  -  Debris  handling. 
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TABLE  T.  (Continued) 


Recovery  Equipment 


Effect 


Design  Feature/Protection  Technique 


Prevention  of  Check 
Valve  Seating 


Fluid  Transfer  Systems 

Design  Feature  -  Intake  trash  screens;  filters; 
easy  cleaning  or  replacement  of  components. 

Protection  Technique  -  Manual  tending;  debris 
handling. 


Clogging  of  System  Design  Feature  -  Large  diameter  piping  with  large 

Piping  radius  bends;  easily  replaced  or  cleaned  compo¬ 

nents;  backf lushing;  trash  screens  and  filters. 

Protection  Technique  -  Manual  tending. 


Jamming  and/or  Siezing  Design  Feature  -  Intake  trash  screens;  in-line 
cf  Rotating  Pumps  filters;  use  of  pumps  designed  for  handling  so¬ 

lids. 

Protection  Technique  -  Manual  tending;  debris  re¬ 
removal/handling;  easily  disassembled  pumps. 


Wearing  and  Breakage 
of  Pumps 


Design  Feature  -  Severe  service  pumps. 
Protection  Technique  -  None  used. 


Blocking  of  Intake  Design  Feature  -  Intake  trash  screens;  back  flush- 

Opening  ing. 

Protection  Technique  -  Manual  tending. 
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TABLE  T. (Continued) 


Recovery  Equipment  (Continued) 


Effect 

Design  Feature/Protection  Technique 

Skimming  Systems 

Weirs 

Bridging 

Design  Feature  -  Trash  screens. 

Protection  Technique  -  Protective  debris  boom; 

debris  handling. 

Reservoir  Clogging 

Design  Feature  -  Intake  trash  screens;  protec¬ 
tive  boom  barriers. 

Protection  Technique  -  Debris  handling;  manual 

removal  of  debris. 

Upsetting  of  Trim 

Design  Feature  -  Trash  screens. 

Protection  Technique  -  Debris  handling;  manual 

tending . 

Physical  Damage  Due 

to  Impact  of  Debris 

Design  Feature  -  Trash  screens;  strong  support 

structures . 

Protection  Technique  -  Protective  barriers; 

debris  handling. 

Displacement  Changes 

Design  Feature  -  None 

Protection  Technique  -  Debris  handling;  manual 

tending . 

Sinking  and  Forced 

Submergence 

See  Physical  Damage  Due  to  Impact  of  Debris. 
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TABLE  T.  (Continued) 


Recovery  Equipment  (Continued) 


Effect 

Design  Feature/Protection  Technique 

Skimming  Systems 

Rotating  Drum,  Disc,  and  Belt 

Bridging 

Design  Feature  -  Trash  screens. 

Protection  Technique  -  Debris  handling;  manual 

tending;  protective  barriers. 

Mechanical  Jamming 

Design  Feature  -  Trash  screens;  shielding  of 

components;  isolation  of  machinery. 

Protection  Technique  -  Debris  handling;  protec¬ 
tive  barriers. 

Disc  Wiper  Damage 

Design  Feature  -  Trash  screen. 

Projection  Technique  -  Same  as  Mechanical  lam¬ 
ming. 

Sorbent  Belt  Clogging 

Design  Feature  -  None. 

Protection  Technique  -  None. 

Debris  Wiping  Oil 

Off  of  Sorbent 

Design  Feature  -  Trash  screens. 

Protection  Technique  -  Same  as  Bridging. 

Teaming  of  Sorbent 

Material 

Same  as  above. 

Physical  Damage  Due 

Design  Feature  -  Same  as  above. 

to  Impace 

Protection  Technique  -  Same  as  Bridging. 
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TABLE  T.  (Continued) 


1 

I 

i 

Recovery  Equipment  (Continued) 


Effect _ Design  Feature/Protection  Technique _ 

Skimming  Systems 
Dynamic  Inclined  Plane 

Bridging  Same  as  Bridging  of  Rotating  Disc,  Drum  and  Belt 

Skimmers. 

Clogging  of  Reservoir  Design  Feature  -  Metal  debris  screen. 

Protection  Technique  -  Debris  handling;  manual 
tending;  protective  barrier. 
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TABLE  T.  (Continued) 


Recovery  Equipment  (Continued) 


Effect 


Diaper senent 


Impair  a  Recovery 


Desgin  Feature 'Protection  Technlaue 


Skimming  Systems 


Sorbent  Materiel 


Design  Feature  -  None. 

Protection  Technique  -  Debris  handling;  protec¬ 
tive  barriers. 


Design  Feature  -  None. 

Protection  Techniques  -  Same  as  above. 
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TABLE  T.  (Continued) 


Recovery  Equipment  (Continued) 


Effect 

Design  Feature /Protect ion  Technique 

Auxiliary  Equipment 

Boats 

Hull  Damage 

Design  Feature  -  With  most  craft,  none. 

Protection  Technique  -  Careful  navigation.  Use 

of  poles  and  land  skimmers. 

Impairment  of  Navigation 

Design  Feature  -  Side  thruster  and/or  jet  drives 

and  Maneuverability 

Protection  Technique  -  None. 

Breaking  of  Propellers 

Design  Feature  -  Heavy  duty  propellers;  propelle: 

shrouds . 

Protection  Technique  -  None. 

Fouling  of  Water  Intakes 

Design  Feature  -  Engine  inlet  location. 

Protection  Technique  -  None. 

Stability 

Design  Feature  -  None. 

Protection  Technique  -  Caution  in  handling. 

Impairment  of  Personel 

Design  Feature  -  None 

Safety 

Protection  Technique  -  None. 

Fouling  of  Propellers 

Design  Feature  -  Propeller  cages  or  jet  drive 

units. 

Protection  Technique  -  None. 
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TABLE  T.  (Continued) 


Recovery  Equipment  (Continued) 


Effect 

Design  Feature/Protection  Technique 

Auxiliary  Equipment 

Temporary  Storage  Vessels 

Reduct  loti  of  Capacity 

Design  Feature  -  None. 

Protection  Technique  -  Avoidance  of  Ingestion 

of  debris. 

Clogging 

See  Recovery  Equipment  -  Fluid  Transfer  Systems. 

Puncturing  and  Tearing 

See  Containment  Devices. 
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